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A nitride semiconductor light emitting device comprising an active 
layer of multiple quantum well structure provided between an n-side 
region including a plurality of nitride semiconductor layers and a p- 
side region including a plurality of nitride semiconductor layers, 
having a light emission output improved by allowing the 
characteristics of the active layer to exhibit well, and capable of 
being applied to a wider range of various application products, 
wherein a multilayer film comprising two nitride layers is formed in 
at least one of the n- and p-side regions. 
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O Ol: 

4^ °M -f -t^asl ol-§-s>ji a «M3* t%«^* %MH?U shE*J ± 

4 443 -8~M*«* 4^* 4^3 ^S>1- #2.*1]#* ?Hr <334 4^5} <LV231# 

* p«r °J^43 4 A 3#-fr ^4* 4231 £*H SH4 a=fe- P ^ °1 aH2 3 

44°fl 2 ^£># 42314ol 3*3^ 4#4#* 3^«4. 

£ 1 

*l4f-4£*t t%£4 

tg .'.-ll A-] 

£ 1* * ^1*M**H *J*» 4231 £4(LED ^4)3 ^21 JLo^fr 7^ ^Eo^i, 

£ 2^r £ 2S] LED ^43 ^£ 44*fl*r 2.*) ^S^aL, 

2. 3* £ ^ AH 165] 4L$-t- ft23l *4 £4(LD ±*})2) nMd* 44^Tr f-Aj^ol^ 

2. 4fe £ ^Al^Efl 25l gg-f- #2.31 4iA>(LED ^»2] ^S-f 44^tt 2.A 1 4^.2°1 -CL. 

2°U, 

£ 6b^r 2 6a£l In 44Mlfe- H5fl = °] jl, 

2 7* * 4^3 4*4(p4 44°fl t])4 4*=r#* S^lft asflSoljr, 

2 8* * ^Al^el] 50] ^SH- #231 £4(LED £4)3 ^ A J* 44^ 2*!442°llL, 

£ 9a^r ^^31 5^1 4* 4£3l £43 "?i2^€ 4*(305c)3 4 J f*H <H4 P0 S Vf3 4314* a.<H 

£ 9b^ ^Al^Bfl 5011 4= ^s).^- mj-2.31 £43 °12.^€ 4#(305c)3 4t^H1 314 ^4314 4314* £7.14 

£ 10a^r ^Al^Efl 5 ofl 4s 30 5b3 4t^H1 tflft po ^ Vf3 tftflSt* 44\fl nsflHo] j7, 

2. 10b^ ^Al^Efl 50H 4= f-^(305b)5l tfl«: ^^^^ £ai^ ziafl^U, 

2 iiafr ^aI^e)] 5^1 14s. ol2^ S 4*(305a)3 4^li cfltb Pi ^ Vf5] ^tflit-i- 44\£ HHfl^ljl, ^ 

£ 11b^ ^Al^Efl 5 oj] 4= ^2;^€ ^*(305a)Sl 4^^1i ^tb ^^^^ ft asJ]H°14. 
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I : 7l« 2 : ^IH^* 
3 : ^l2tf|33l#. 4 : n% 
5 : ^]3»l3l# 6 : 

6a : all^SH: 6b : *|2*J** SKE^ 

7 : «H* 8 : p«r 4f^ v # 
8a : *3*l3|-* StE*^ 8b : Jfl4*l$* *E^1^ 
9 : *«|S* 10 : p^ 

II : p^ 12 : 

18 : p*r #eflH# 30, 130 : n«f °§q 

40 : p^ 41, 140 : p*T 

102 : 103 : ^E^S GaN* 

105 : n«f afllt}* 18 ** 105a, 105b : ^SHr tfrE^f- 

106a : *lflSHt SKE^ 106b : A2^% StE^fl* 

108 : 1-aflE* 108a : *))3^4|-f 

108b : *H42JS}«- 202 : AA% 

203 : »lln^ 'ttE^l* 204 : *«2iv% 3Jfr# S>£ 

205 : ^l3n^ ttE^f* 208 : p«f S«(E* 

208a : ^llifl* StE^Bj- 208b : ^l2^S"h* 

208c : 3^8* 4* 230 : n% <3<3 

240 : p^ 305 : n«f ^ll4f^-* 

305a : ^5.^ 305b : n^§ E^ 

305c : <?}E^ 306 : *H24§^ 

3063' : JlUlfl* SKE.*fl^ 306b : -*|2*SHfr 
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£ 44 £ 44 44^H(LED). efl 44 44 1H(LD), 31444, 444 44 44^4, 44^4, S* ^4^44 

4^444 A. §.o] ^^B>OlA6|| 44-§- ^£.^1 ±Z}(\ n x A | y Q a N> 0 < X , 0<Y, X + Y<ilH 

^tt 444. 

44* 4£4* 444 LED 4^*3)4, 3L44J: a 444 a^u-)^ # ^Z}7] Sf\& ** 444 $ 

4 $ *4 44 LED4 *43.4 443 .2.3. 4*4444. 44 LED £4* 4*4 4444 44;44 GaN.5- 
£. 4*44 4^14, Si £4 GaNAS 4*44 n * -g-43.4, 44 44 **(SQW) *S4 InGaN £* InGaN* 
444* 44 °M **(MQW) *24 44*, Mg £4 AIGaN.2.3. 4*44 p* #3)H*, Mg £4 GaN.2.3. 4 
*44 p* ^43*4 443 *84€ 4* *2* 4*4. 4?1 LED £4* 20mA4 444, 4444 450nm4 4 
4 LED44 5mW, 4* 44 Jc* 9.1%, 520nm4 ^ LED44 3mW, 4* 44 Jl* 6.3%3. **4 44* 4*4. 

44 441 ^£^1 44 ^»Hic lnGaN.2.3 *1^<H^I **4(well layer)* 4* 44 44 * * £* 44 44 
* * *24 44*4 4* ol* 3143 444 * Si 4. 

s&ft 471 44* 44 444^4 444, 44 44 ** *s* 4*7fl4 44 4H* 4^ 2l*4 4^4, 

4* 4*°MH 444 7}*4^.3, «fl 44 ** *2:iL4 44 434 ^Tfl 4* *4 :£4444 444 71 1| 

4^44. 

4**4 4* #4 41 *24 444* 444 LED £434, 4 7114 io- 135514J: *3.°fl4*, 4421* 4 * 
445* #7fl 47l 444, 44S 4^4 GaN.2.3 4*44 444, 4E4 lnGaN°.3 4*44 414.2.3 4* 
44 4* 44 * 1 ^24 444, 44#21 4^*^4E iHH^Kband gap)* 4^ #2flH** ^4 

4fe ^ 4# 4£^1 dt47> 7fl ai s\ o] a 4, • 



4^1 ol43i4 *te 7l*2i 4*11 

12314. 4^j#* 4^ 44 41- 42:3.44, 44 44 ^2:°J^4 wls4<H 4^4 4^2] 4^l7> 4^71 nfl 
€r°fl, 444^1 2) t^4°l 4t11 3jL, ^144^ led ^4fe Vf(44444)°l *«>Mfe ^4°1 5*4. 

^1##4, 47W 9-29834131^ Vf* ^4^l7lfe 7l4S^ 4 A j4 fl^l P 4 4^144, 44 lnAIGaN44 

S% v 4^ s^4(superiattice)4-5.S. 4^ 341*1 4^4* 7flA]tb4. 47l 7144 p^ 441- M J:5.^14* In! 444 
^ 441 ^£^144 i44^ s^7^ 444^-3^, p42l ?fl6l^ 3. qo]q ±z}$\ °J7I14 

4» 74j-Ai?j ^ oj 4 

o.si4 4^H1^ inAiGaN4 44 4€i 441^1 441 4£.^lfe 4^^°1 4SH.2., £4 In! 444^ 441 4 
E^lfe p^°l 471 o]^y] Hfl^ofl, ^^l^ia led 4:4 ld ^24^ ^<>1 ^444. 

444 44 4*1, 444^^1 44°1 ^tfl^oHs 4442 4* 44 41 42b3 4^44 47] x41 

444^ ^i^l °1^«4. 

471 LD «<H4. 4 4^51 #-a°J^r 441 4°fl # A J44 4*r 441 4£*H 34l7i ^44 ^44 
>H^l ^s°l °i444 10000^14 °14 4 4 A J4^ ^4 4Sa4(ICNS' 97 Subscript, October, 27-31, 1997, 
P444 Ml4 446, ^ Jpn.J.Appl.Phys.Vol. 36(1 997) pp.L1568 Ml 4 1571, Part 2, No.12A, 1 December 1997). 

a.514, i**4 led 4i44 s^4 44, 444^5. ^44^ 44 c|£#aw 4°11 4444 4^144 
44 Vf7l- 4s 44°11 44s44 44 ±AA 44. a=«r. ld £4°H 444, 4 4^ 44 4€=fl 7>^-§)- 

4 4«}14-b 44 °J444* 444 4444 4^44^ 4, SA 444 7H4°1 4-S-44. 

4e°11^, 441 U J:£4» 444 44i4°fl 444, 44 GaN4 444 P 4 444 ^44 p^ ^4^44, 44 
4 8-9746831 444 44 44. °H447l- GaN4 4^44 44 inGaNl 4444 ^44^ 4°1- 
44. 4, 4H4 4447> 4* InGaN! 444^ 4iL4, p^ €-4^44 p4 4444 44* 44 44 
44 i4 44(ohmic contact)* 4^4 4fe 4°14. 

n44. InGaN* 44°1 4 2. 4444 44 4* 444^4 4* 44 4434, 444444 4* 4444°] 
444 41-44 4444 44. ^4 44 444 InGaN 444 44 4444 44 InGaN 44 4444 44°. 
3. 444 4444 44* **I144 44. 444, inGaN^-S. 4444 p^ €-4^4* 4-44 4314 441 4£ 
H 4i4*, 4*4 4oL 444 44444 ** 44* 4* 44 5-444. 4 4*4, 41**4 inGaN^-S. 4*4 
4 -E4H4* a>44* led 444* 4*. 20niA4 444 *4444(Vf)* 3.4 M14 3.8V5. 4*4 44 
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&JI £4 ^7] 443 443 34b £^]33 3.4. 

£4, €44 4E*I)3 3434 £4b H33 42:4 <?]*1H13 2n3b *343JiL4 1-5! 44 100V3 44-2.3S. 

44€ 7}*qo] o)_o] ^ofl ^Sj-fc ^4°] 4334 J2.4 *Ol7l 3*ll3b $ 

#i-fl ^(electrostatic withstand voltage)3 44 514 .2.43344. 

4 434 334 44°113 3434 3°-3, 4 433 434 LED ^ LD 4i44 €4 €44 4£*i] :£43 43 

* 44334 431, vf 3 3t«4 3433 41451 44s44 4433 b ^ ^4. ^ 

b 3^ 447>3b 44^4 43 €44 4£« 444 4^ 44 3434:3 44333 3b 334. 

4 434 44 44 41- 42^ 4344 4443 n 434 44*1 4333 <L33 44433 444 £ 
2.4s, 44 44 343 €44 4£3 444i43 34334 4tfl4b 34 43i>3 44. 

5E4, 4 434 P 4 344 P 3 ^334 4°H 44 34344 4s 434 44 44 433 33 

3 b € 44 4£*ll £44 ^1 44b 3 4 43 .2.3. 44. 

£4, 4 434 44434 444 4 Sis 343143 44 444 4£*11 44^44 31444 34 43 AS. 4 
4. 



4^o] _ 7 .^ n! 44. 

4 433 ^1444 4£3 4:4b 442] 43<Hl 343 Vf, °J^]44 3 433.2.33 443:44 444 4 34 



4, 4 433 *)h€44 4£3 £7>b 447113 444 45.^144 3b n4 33, 447115] ^44 4£*H44 4 
b P 4 3 3, 3 471 n4 33 4 p4 33 4°H1 4344 S444. 47l n4 333 ajo^ 443 ^$.g. 
44 In4 444b ^11 €44 4£*H4, 3 44 *ili€44 4S3144 44 244 3b ^12444 4£*H43 3 
44 n4 44444 3b4. 47l 3l€44 4£*H4 Eb 32€44 4£^4 ^3 33£ 4451 44*11 71- 100 
44^34 343 34 43.2.3 44. 

4 433 47I 31 1 €3-4 4£*ll 4;433 , 47l 3)1 gj *H2€44 4£343 4^1 b 44343 1 004^3.4 3 
4°1j1, a.4 4434711 704^3.4 0 l4°l^, 44 4434^11 504^J=4 S 14W. 4714 4°1 44 &n 4-2. 
3*1 4444*1 ^34 4S3 £1<>1 444451 S3^4 7fl44 4 Si±H3 4^4 44^1 « 4 SJ4. 4 A J44' 
3<H£ In4 S444 €44 4£^11, 4434711^ inGaN^.3. c-i^^i ffff 4^ 4°J 44 44 f2, 
44 44 44 f2S 44 ^l 44344. 

£4, 4 4^5] *Hi€44 4£^ll ^4°ll Sl^^i, ^lll444 4£*)14£- In x Ga ,. x N(0<x<l)^.3 ^2 
€44 4£^l44 In y Ga ,. y N(0^y<1,y<x) ^.3. 4^^I4 3°l 7>4 44344. 

£4, 4 4^51 ^li€44 ftEsfl 47l >ili^41: 4£^l4 SEfe- ^2€44 4£^l4 4 <Hii 4451 44^1 
71- °J€4 ^H€44 t>£^4 £^ ^12344 4£314?13 44 4 Si4. 4, ^1444 4^114 ^123 
44 4£*1144 444°-S. 3*4 44444 ^^4^ 34, ^2344 4s^l4(^li444 4£sH4)4 34 2 
7)1 °l ^11344 4H^l4(^l2344 4^*14)51 44^l7> A|s 44 4 514. 

£4, 4 4^51 ^li€44 4:5*11 43 ^ll 1 3 44 4£*fl4 ^ ^12344 4£*H4 4 3^^ 44°l 34 
€£5-1 2:^o) 2> oi^^. ^i44i- 4'£*H4 a'4 ^2344 4£^14 0 1 434 34 3^3 ^£-3. 44 4 
Si 4. 4, *1h344 4H^I4 £^ ^2344 4£5fl4* s-^^^t!: 44444 ^34^ 34, ^2344 45. 
^14(^11344 4£*H4)4 34 ^1344 4^14(^2344 4£*H4)5l 34 4^3 ^3371- 33 4* 4 $1 
4. 

5E4, 4 433 ^1344 4£^l 4;7>^. n 4 44443 4344 €333 ^34 4 4-2.4, #34 i-4 443 
3 7l ^ «B 3 1 43 44 3 4^4 ^ 3 4b 4 °l 443 44. 

2E4, 4 433 31 €44 4£*H ^><fl SJ33, 43 ^h€44 ^ ^l2€44 4^1143 £333 44 

t 514. °H, "£333 4b'5l 43b 2.33^-3 4444 £343 4b 43* 44^1 3L 43 441b °11443 
334 €44 4£34^343 44^ 343 ^33b 444£ 4 434 £333 #4 343 44. ^2, 
44i 343 433 4444 4MH SI 3 3 44# 4£3 ^114 ^834 347> 44. 
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E4, 4 4^3 *lll4444:E*ll:£4£- *lll444 4E34 *1]2444 4S.3143 o]± tW&ofl n ^ £.£fco] 
5^3^ 43 #4. 344 42 E^34 42 51^4^3.3 443S 4= 5fl 4. n^§ 4444 Si, Ge 

, Sn $ S 43 IV4 S VI 4 42S.43 4^4 ^ SJjl H^zj^j^ S| E i=. Sn# 

£E4, £ 443 *1ll444 4£*H 2433, rt% 4444 *lll444 4:E3I4 S *)l2444 4£*l|4 £43 n*§ 
4443 E43rr 33 44. 47l 4443 £^3^34, 44^4 5X10 21 / c rf 3*}-, 3-eJ-333 1 xi 

0 20 /cnf 34-2.S. 2344. 5X10 21 /erf Jit} g-^-f, 47l 444 4£.*f]#-3 43^ o] 33.311 30.S. ^33 

3444 343 S14. 24 3 £2233 343 s 44. 

a*, 4 433 31444 4£*l) 244 47l P 4 °-l 444 4E*1)S.3, Al* 444rr *l]3444 4234 
S 43 *ll3444 42314 4* 234 4*r 34344 42343 343*r p ^ 4444* 4^4 43 334 
44 4234, 24 43 34444 423 4 443 4^]7> 10042J=4 34<33 H>^-3)§l-tf. S ev c-| 

4 4^4^)^ *ll3344 4234, 53 ^4*** 4234 444 10042S4 34, 44 44343^ 7042 

—4 34, 7>4 4434t)I4 50-g-iSf- 34s 44. 334 44*114 4343 343, 44443 ^34 

3. 33 44443 43 A 33 #3 322, 434 443 7 i 4 544. 

24, £ 433 3l444 423 4,3^ 44343*r. *)l3444 42*1143 Al a Ga 1 a N(0<a^1)22 433 
jl *»44:44 42344 In b Ga .,. b .IM(0<b<1, b<a)22 4344. S-4 44343-4 43 34444 423 1 
44 GaN22 4344. 

£4, 4 433 31444 423 234 471 33444 4234 2£r 34344 4234 4 ^<Hs tt45] 5| 
"47> °J^4 ^13^4-t 4Esfl4 £^ ^14441- 4£^4* 0 1 A is. 41- #4. <4, ^]344-& 4E^14 
^14441- 4^314* ^ A*\ 4=r7fl°l a>^m ^WRr ^-f°fl, ^]3^4«- 4£^]4(^l444# 45.^)14 
)-§■ ^4 ^14441: 4^14(^113^41: 4E*H4)3 44^1^ A 1S. 4* 4 5£4. 

£4, 4 4^21 ^11444 4E*fl ixfe 47l ^34 44 4£«D4 ^14444 4E^14 4 ^-HE 4451 34 
%± s-^oi -y^-u- ^3444 S>£*I14 £4 ^14444 4E^144 4^4 34 €£2] s A J44 a-j^. 41- 4 5U4 

4, ^13444 4£^4 5E^r ^4441: 4£Sfl4* 44711S1 344 44444 ^ A 34-b ^4 ^3444 ' 
4E*114(*ll4444 4E^14)4 ^1* ^4444 4E314N3444 44^94)2] 34 4^21 ^v} 7 } ^s, 44 
4 SJ4. 

c i4°l, 4 442] *fli444 4£^l4i7}^ p ^ 44444 n4 44444 4°J47fl 4444 4<H*I S^* 4 5J 

4. 

£4, 4 4^2] ^11^44 4£^1^44 ^3444 45.^14 4 ^4444 4£^4<>1 44 4 $14 p 4 

21 44444 £44*1 4fe- ^4, 44^^ o.i/m °14^ 4fe- 4°1 44344. 471 4*11 7} o.i^m *14°J ^4 3 
4°Js|7l <H^^ 4S|°l 44i5l^ ^4°l Si 4. ' 4E421 321^ n 4 44444 4444. 

5E4, 4 4^21 >ili44# ^sfl ^13444 4£^4 4 ^14444 45.^14 4 <H2^ 44°11 p'f 444°1 

£^4 4 S14. °14 4^1 4s JEWii^4 4^°1 44471 ^4. £4, p^ '4443.4 4 Mg, Zn, Cd, Be, ^ c 
a2> 44 244±°1M 4 §14 4 4434711 Mg Be4 4444. 

SE4, 4 4^21 ^ 1444 4£^l 4i4^ ^3 444 4E314 4 ^4444 4£^fl4 s.4°ll p^ 4^4«^l £^4 
4 Si 4. p^ 4444 £444 ^4, 4^# 1 xio 22 / cnf o]^, 4^-3 5x10 20 M o]t\s, ^3«4 

1 xio 22 /c„f 12.4 s- 3-f , sts^l^si 43 A J°l 443HS. 4^°l 4^£|^ 34°l S14 £4 <^144 ^ 
£^S2i 34°ll tfl*fl A i£ 44. " 

4 ^14-Ha-i 7^0} ^. wj^oj ^2 ^15444 45.^1144 <=142l 2]§H 44 44 44 4 

£21 4^44 444 444 4E^1 ±x}*\ 44 4^4 4434 4 Siai 444 4£^1 ^43 44^1143 34^ 
fl# 4tB3^14 4°14. 

4, 4 4^3 *)12444 4E^144 447113 444 4E^44 4tt n4 °J3, 447113 444 4^1144 4^ 
p4 °J3, ^ 43 n4 °J34 P 4 °J3 4°H 4^44 4^ 444 4^^11 ^Hl aH4, 43 n4 °J33 444 
45.31 ^-4 33^ 44^ 4443 4S. 44 4ES. £432, 3s. 44 °1133» 4^ 33E 244 
3 444 4£^14°1 344 n4 ^Ii443-4°U, 43 P 4 ^33 33^ 443 ^44 4E344 44 P ^ 4 
443 £^3 JL s. 4± °ll337l- 4€- ^l34 ^4444 4E3143 344 P 4 443" 4s1lH43 ji, 43 
4 A J44 In a Ga Ua N(0<a<i)^.S 3434 44 °M 44 424 44 43 44. 
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£ 4 "J 3 *ll3444 SK£*fl ±*fe 447fl£] 444 4£*fl44 4£r n4 °J4 447113 444 4£*fl44 4rr p 

4 °J4 4 44 n4 °J^4 P 4 °J°4 AH^l 4*344 444 <&£*H 47l n4 ^S] 3<H5i 

443 ^S>1- MJrS^l 44, n ^ 444°1 ^3. 41- 4£1 £43Tr 4<ti 2^t^^°lE2 443 ^a^i 4JE 
*fl 5Vo] ai^£)^ n ^. ^Il4*^ 0 lal, 47l p4 17flS] 444 4S.*II44 <*I&1 7M3 p^ 444°! 
S.%$3L HSH^g iui^l7> *»3 3} 7)14444 4£4I4<>1 343*r p4 444 #5flH4°U, ^* 

* In B Ga Va N(0^a<1)^S o^o^ 4^ #4 0..° 73.01 3^ ^ o.S 44. 

£4 4 443 *2 31 *»33 444 4S.*fl £44 47l 7fl3444 4£*1]43 p^ 444 4^4 *U444 4.E 
*H43 P 3 444 4^4 ^3. 4JL44 4= $£4. 

£4 4 4^3 tU444 <fc£*H i*Rr 4471)3 444 451*1144 4^ n4 <S«f, 447113 444 451*1144 
4£r p4 °J4 U 47] n^^4p^ °J°4 4°H 4*344 4£r 444 451*11 ^4°14. *7l n4 «833 
3|<H3E 443 451*1144 n*§ 444 °1 *)3. 4$ 5^ 2-^^. St 3^1= 2 443 

444 3*4 n 4 *ll 1 4444°] i, p4 <8^3 17fl3 444 454144 p«§ 4444 4 
44tt Al b Ga Lt, N(0<b<1)-2.S p4 4H 4 #3]5l4°l jl, 47l 4*j4£- | n a Ga N(0<a<1) °- 
5. <>14°14 44 44 44 4^°J 44 44. 

E4, *)l3 S *)l4444 4£.*l) &*MW A J"7l n4 *)H44444 GaN^-£ o|-f-^^l ***<>l *i 

3. 41- 2^s] ^SHi t>£^14°l ^l^^lt 7 A°] 

c-i^-ol, a. ^)5^SHr «Jr£^l i^fe, 4=r7fl5] ^ n # <^^, 4^7^ 

* P ^ ^ « A ^7i n ^ p-% 3 an- i46i4. 01^, a o v 7 ] n & ojo^^ 

^o]£ 17fl5] >LVE*I]^£. ***<>1 Ajs 4* £^gs]j7 ^c 7 j 6||u1^7> 4* l^^S. 2^ 

p^J 1-^1-* % v -8-*>fe Al b Ga L b N(0^b^1)^.S. °}^-o]Q p ^ ^oj^i- ^eflH#c.l jl, a o v 7 ] ^aj* o. |n ^ Gg ^ 
a N(0^a<1)^.S ol^-cH^l 4^ °M ^11 tb4. 

£tt -^il2 vfl^l ^115^S>1- *£Jfl| 4i4^ ^71 n4 ^14*^4 4»H In* ^«-«>^ ^1^S)-t u Jr£^|Bj- 

5 ^7l 1>^19V4 4* ^ ^12^ SH- t>£^5Vo.l zt^Q n ^ ^24^4^ ^ ^o] 4^1 
44. 

c-l^l, ^]2 tfl^l *H5^4-t St£*fl i4^, A o v 7l <$<$*b ^7} n^- ^)l4*4#^a^-Bl 7l4^°fl 
«-fr4^ n^ 53] J=#* ^^4£^ * =r 5*4. 

3 VI, *H2 ^5^41- A o v 7l n ^ ^ajS^ol GaNf^ ^<H1 4^44.- 

£S *l|2 ^4 ^5^41: 4£^1 ^4°fl S8«H^, ^ v 7l <?l£^ GaN^l Ga d Al , d N(0<d<1)^a 

o}^c}^ ^o]] ^ajs)^ 4^43. -s-71 P ^ 4#4 #eflH# se^ P ^ 4°a4 SSHH^r p^ 

#5.7-1 Mg» S44^ p# GaN Si4. 

^, €• *112 vflT;] xll5^4# ^4fe, 4^ 6 M -f-t ^S5] 7l^£4 n^°11 n^ #^1- ^£ 

7\ 4* 2** °1^2] ^4* 4S^1^S cl^o]^l n ^ ^t4^4^ ^ p^ofl ^3 ^ ^4^41" °1 

P# 4#4 #2flH## £W.1^j^s«i 44^1^14. 

«14 4°1, 4^^1 a^4 4a 4^ JHHSl 44« 4£^1#* £44^a«] 4# 44 «-^#°l 4 
4* #7fl 4 J!4. £4 4 4 44 41- 4asl 4^4451 2f°S 4444 4* 441: 45L3144 
01 *n 7l7fltb4. 

4 4 D Js] ^2 ^1^1 ^15444 4£^11 47l n4 ^144444 4^44 C> H, in* S44^ ^1144 
4 4£*1]4, 47l ^11^44 4£^44 4€- £^4 4^ 7H2444 4£^4°l ^44 n4 ^124444* 7>4^ 
cl4 443:44 44*m 4 Si ±^ SE4. vrt- ^4t>1^ 44A44 447-1 « 4 $14. 

3471, 4 4^2] ^12 ^15444 4£*H ^4°fl Si«H4, 47l n4 ^1 1 4444^-3.4^1 71^^], n ^ 
5.44^ n4 5®] S44 ^ A J 44 44* ^ 4 44*1 « 4 °.*\ , 4*1 °11 Vf» ^ 4*1 4 4 $a 4. 

£4 4 442] *)12 xfl4 ^115444 4£^l i4°ll 51^*1, 471 n4 -?-^H4 0 l GaN4£] ^<hi aj- 
71 GaN44 4^01 44 4o]aa n444 ^*J4^ til oi^M^i n4 5^H42] 4444 44*1 7}jl, n4 
5^S4 4°11 f *j^^ 4444 44 n4 ^H4°U 344 4€- 444 4£^1 4421 434°1 444sa 44 
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*Sj* i^tH^m ^ Si 4. 

£ 1^2] ^12 ifl4 7115*34* 4£*ll sa<H-H. A <J"7l -^Wl ^-fr^^ Ga d Al d l\](0<d^1) °- 

5. "]^-<H^l $H ^^5)^ GaN%-2\ 23 3* f^Hl, n* f-2] a. 4 #4 

l£S, l^*^ 0 ] qMHt *r SU 4*4 £* p4 4°J4 $H Mg £^ GaN 

#* p^ JE^-fr £* =r fljl 4 71 p# GaN a 3H1 qj^fc p444 

#* £«1 33* 7MES iL4 r:-]* *#JL** ^ a 4. 

€• *H6^3)-* ttJEifll ;h4£r In* 5L^4fe p3 S«l£frfr iM4 ?2l5. Qo] 

°1 #* ^«j2=#* %<>§%: Si4^r 3* tt«M«H 3^3-, 4?1 **f-3tfo.s. 434^1 

** *§H <S 01*1*44* tt£*H 

*K £ 7)1644* tt£*q £4*. p^'sajE*^. 4^7fl21 44* ShE^llf* ^ p ^^3|4 

^7H°1 44-f- 4£*H*-°3. ol n*f °J4 $ -S-71 p# -=§^4 n^r 443 #4f* ^Blft 44* 4£ 
511 £4°14. olafl, Aj- 7l p ^ a^fAAjj ^.Ajol 4a t|1244* SKE*^* 5.44* 4°1 

3*€ ±34 *3=* 43, 47l 27fl°l 44* 4£*114 * *\o]S. 442] 44* In* 544* 4* * 

^£1 44. 

444 4?] p444 4?1 p*§ ?ajSf 4°H ^4 *]4^* ^ XJ^HS. ** #^0l 4°HI4 

=r Si4. 

atb, €r ^Sl *ll644* 4S.*H 4:4* 7j|l44* 4E.*H 44 7fl244# >&E*II4 ^H, #7] 7fll44* 45. 
s|Hj-5l 47I 7ll244* 451*11421 £^11 £43 o.£ £44* a^**** ^4 ^0^370^ 

"i si sii , a o v 71 p * ^^aj 01 d * ^a-^ ^ sa 4. 

att, ^ ^21 7116^2)-* ±7}^ ^71 te^l^-Sl In *l*^* -S-71 Xl2^^-* StJEJfl^ In t 

-8-^34. Hl3.*M 3.711 ^Ol 4^1^ Cf. ol^Tfl tfO.£<q f p ^ ^SjE^Sl 7i^-Aj^ ^ *V 4: OJ^ 

^16^51-t i^fe 27H°] # f. ^2t* in* 5.«J-«>^ #o_S t 

eV^°l ^-71 XI1144-* &S.*)m* in x Ga n . x U°-3- f«U, 4* ^l2^Sl-* Sh£*l)H]-* Al v Ga , v N 

(0^y<1)^S ^}°1 

Cl**], M. ^6^4-& a J:£Sfl ^<H7-1, A j-7l ^111^S>* ^S^Ej- ^ 7^l2€Sl-* «r£*(|^ ^ 

*^*s s^slii 4€ tb^* P ^ *^*^ lE^sj^l ^* ^ 5U4. 

a« * 71164S1-* «Jr£sfl i^H jjj[olX] ; aj-71 Tlh ^ 71)2^51-* «Jr£^]H]-oll 0^^ 7^5] pf *^** 

^S>* S>£^#°11^- H>^*>7fl 1X10 19 /Crf Xfl^l 5X10 21 /erf ^^5] p^ *^** £^*>J1 

41- 3f£l 4S>* >Sr£.^#* 5x10 is /crf vfl*] 5x10 19 /erf ^^S] p ^ *^*S A o v 7l ^^H-M p^ * 

^*sl t^* *42l WJtti- c| fe4. 

SE£ ^21 ^ll6^S}* sfc^ofl S1<H^ ( Aj-7) ^li^Sl-i; «J- E ^]pVo1 7}% i^ofl 2. *-^Hl ^7l p 4=- 

^l^-ol Aj-7] a ^ ^c^^ofl ^S>7]] ^Eji. ^Jol Hl-a-Zj-Sl-^ SEtb, °l ^7l 

^lh^s>* Sts^Hi-*) p ^ *£* ^s.7h -y-71 ^l2^sl-* st^iHj- jitj- 4^4711 a4. 

^ ^21 7^16^2}* S>£Afl ^7>ofl 5a«H-H, A j-7l #^#4 AV 7 ] p ^ s^e ^421 A>ol<Hl Al* itj-Sfe 4S}* 

s^la oiJf-<H^ P ^ €-^s^«i 4 5U 4. 

£ 1^21 t|16^S}* ^4°1] Xi°1 A 1, ^ v 7l p^ *eflH#* Al x Ga 1 x N(0<x<1)^S. o]^^ ^4 | n 

Ga i_ y N(0<y<1).°-S. °l^<H^l f^o] 2 t||5. ^4 ^* 7^4. 

°4J-4 £4 £ ^2) 7ll642|-* 4£^ll Si^o] 4s ^ ^2^2)-* «J:£^nVol ^cfl^. aj^jg ^ 

^4 7^2* ftjl, A o v 7l 271)21 4^-1- <LHE*H # f> | n * it4^ p^ ^?»;e#* ^-ul ^4". 4^,. 

1^1 ^^^01 ^' p <8 S.«jS#* ^ Jftjl, p^ SQjEf, 0| ^^11- ^Tfl *%4 ^ Alo1 i p ^ 3 

=■4 p^ ^-ejH^4s.i ^*^^-* 4t11 ^ SI o.°s #* WSftoi ^^^14 

£th ■& ^21 7i|7 ^ 7118^4* 4£*H ^4^ 01421 2|efl 4^ ^4 o.^ ^.3.0] 
4£a11 ^7>£l ^Aj.Ai7in -f-AH ^^vfl-a-^- ^711 4 o.^, 4^ <y=4 ** ^3 # A ^* ^-§- 

^4* SK£*fl ^7>5l ^*^^* 4^flft4. 
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4, 4 4^2] 47^^ 42*ll 244 4=r7flSl 444 42*1144 4£r n4 °J4 4471121 ^44 42*1144 4 

fe. p 4 , n 47I n ^^4pf 4°H «44* 4*r 144 42*11 24°14. °H, 4?1 n 4 <833 3 

<H2 443 144 42*1144 42^8 144 42*1)422 °14°14 44, n^S 444 °1 244 144 42*11 4 
22 °14°14 444, n A 512^ 144-42*11422 °14°14 4*2] 3<H£ 3^ol £XJt|s. 3430] o]^! n 

4 ^n^BV^oljL, a o > 7 ] p & ^rfo} q6)S_ 17 flS] 42*1144, <^a| 7M2] p *g 444<>1 5Lfl£|°l o]^ 
*U ^l^l A i2 <ffl24 °W*l7> 4* ^3 S *ll4l44 42*fl4 c, l *]#£ p 4 444 #sflH#°lol, 47l *W 

* In a Ga -,. a N(0<:a<1)22 <>l-f-44 44 e M 44 4251 34 4^22 44. 

24, 4 4^2] ^]7l44 42*f| ±x}°\] 4^4 4?1 *l]3l44 42*fl42] p^ 444 424 47l *)U144 St 
2*11421 444 427> ^3. 427] 4 14 4 514. 

24, 4 4^21 *l)8l44 42*11 £44 447112] 144 42*1144 4^ n4 2j^4. 447112] 141; 42*114 

* 4£r p4 <33 4<>H 4^ 44 4fe 144 42*1] ^o|t}. o]q, ^7] n4 2j^°] *H E 17 j]2] 14§; 42*1! 
44 £2^ 14* 42*l|2 «>l^<H^ 44, rvf #£#<>l 2^4 144 42*1|2 o^o^fe 444, $ <?I2^ 1 
44 42*112 ^l-f^l 442] 3^2 34 22 &*\*H5. 345H °l-f-°14 n4 ^ll4444°U, p4 ^2] 
3<H2 VllSl 14§- 42*1144, p^ 4444 444*r AI „ Ga N(0<b<1)22 o]4°il p 4 414 #^2 
*o)JL, 47] 4^°_ In a Ga N(0<a<1)* ^**>^ 4<f °J=4 -ff; ^-S 1 ?! tt4. 

ei^l, & *|]7 ^ ^8^^!- StS.^1 4:4^- ^1 n^ ^11 14^4^1 4^^1 100 i-fl4 10000^-^^^-5] <£ 

£^ ^41- ol^«H^l 4*, 4=^1 so ifl^l looo^-^sf-^l n^ 1-^#«>1 £^S4 ^4* sts^ls <*l^-«H 

« f 1 ^*, S 4^11 25 ^^1 1000^^1-^ <a£^ ^1^-^^ 4^°-S cl^xl^r ^* 4^8^ 

5 44. 

£ 4^3 ^117 ^ ^18441: 42^1 ±*}$r, #7] n4 ^I]l4#4*4 * A ^# 4°l°fl In* 444fe ^11^41- 42*11 
4 ^ 471 »h^4« St2*ll44 4* £^ * 4^ ^12^41- 42*H4°1 n4 ^24*4** 4^ 3°1 4 
4^44. 

c-14°l, 4^2.] ^17 ^ ^18441: 42^14°11 561 °W. 4^1 n4 ^4-ft 42^1f"Hl 4^1 n4 ^114*4^(^2: 2 
^S)^S4^ 7l44^s, n^ 4^1r* 444^ n4 7}^ ^ =14. 4 4^21 ^7 ^ ^lssi ^4* 42 

*fl^H 471 n4 ^S#°l ?d2^ GaN#S] ^ A j4 S14. 

24 4 4^2| ^7 4 ^18441: 42^1 i7Hl $H4 471 ^2^ GaN^°l ^4-^44 Ga d AI ^ d N(0<d<1) 
o.s. oi^^i ui^f. ^ofl %^s\t\\ 4°i 47l P 4 444 t^Ef 2^ P 4 4<ti4 t^]£t 4°f| 4445. 
T-l Mg4 % v 44^ P 4 GaN €-^^44 4 514. 

£4. 4 4*13 ^17 4 ^18444 42^1 44 44 44 422] 4^44 ?1424, n4 ^J^i "512^ 4 

4, n^ 444 2^2] 444, ^ £2^21 4421 ^tt4J°S ^14°!^ n4 ^144444, p4 ^^°ll ^3 
V A ^4^44 42^14^-S. olf-o]^ p 4 444 te(£f ^ p ^ 4444 244 ^ AlbGa1-bN(0<b<1)22 
0 l4°i^! p4 4°J4 #511244 244°i 1 A jtiS^ 44s.4 <: 'l 444 444^ °1 4^4^, ^471 ^^Mi4 
°1 4Jl4 144 42*11 i4* ^4 4 514. 

°14 4°1 4^2] 2.734 442 44 44 4471121 444 42^144244^1 44 44 44 ^22] 4^ 
421 ^44 J144711 4fl47fl 4 4 5124 44 4*H ^84^44 4^1 4 4 514. 

34°1 4 4^4 n4 ^1144444 4^44 7>42| 42^4 W8$sn 24°ll 2l«fl 44 444^4 44I ^4 
^44 ^4 4t)14 4 514. 

4 4 D I°11 5l<H7.i <a£^4 21=^22 4444 2^4*1 42. ^ sa14h, 4^4 4224^21 444 
21 44, 422^ 4*124^2] 4eH*MH4<H1 ^*fl 444°1 45J4^ 4°J°112 444^ 21^^22 4444 
2^34^1 4^ ^4°11^ 512^422 44. 44°11 214^ 4534 4444 4M1-H1 5l°1 A 1 444 42°fl ^p} ^ 
71^^44 514. 

24 44 44 44 4221 4 A 344 24^°11 51^^, 442)4 4s. bj^144 o]^ 71^44. 

4 4 D J°11 5H4 471 n4 ^144444 4 A 94 4°l°fl In4 244^ ^1444 42*H4, 47l ^Ili444 42 
*1144 41- 2734 4^ ^12444 42*11 4°1 344 n4 ^1244 444 7>44, ^4 44S44 44^1 ? J 4 51 
44 4^1, 44444(°14, Vf2 4)4 ^SM^22^ 44Jl44 44^1* 4 514. 
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3**1. £ tt^ 5a«H4, -*7l n* *ll 14*4*^43 7144AS, n ^ i-£l* i44^r n* €^H*4 7\A 
Tg, ^fcej-fr 444 ^ Vf» 4444 4 5£4. 

24 3W4, 47l n* ?^S*°1 GaN*2) flo| qj^'fl. aJ- 7 ] <£^sg GaN%-& 444°1 

n#41 *§44 °14°13 ^S*2] f^ll, n^r €-3U=* $H *I44 

44* *2] 4* ^41 42*11*2] ^442 #44 ^##3* 444 « 4 SJc)-. 

24 £ *'S«>fl Si<H-H, 44 <£2^ GaN**l 4-&44£ Ga d Al ,. d N(0<d<1)-°-3. 44-°l4 ^ 3)^ °}ofl ^aj 
34 £2^S GaN*2] S44°l c^jl #4*U, n * ^S* §-2] ^442 Ji4 #44 ^f^o] c-]^- %H V 4 4 
5*4. 24, p* 4*4 #5flH# 2^ p* 4°J4 #efl2* Mg 2^ p* GaN ^J=*l ^44-S #4 p*§ 
444 4°14t1I £4 4 SU, p* GaN ^3*4 :2$H 1434 p4443 44 iLB]^%o] £o]*].u3. 
1 3.4 444 « 4 SJ4. 

£t, 4 4^2} *|)9 *i] 11*141 42*1] 24fe n* °j^4 p* °J^°11 7I-42] 4*4*4 4*1 4 ji. n* 
°J^2l 4*4*4 p4 °J^2] 4*4** 24 2^r *4 4°114 wldl^s 422*1 444^4 44^44 &n 
j}n £ Vf» 4*4 4*3 -§--8-^ #o.s. 3-§4J47> 4^44. 

4, 4 4^2] *H9l41 42*1) 244 4*71)2) 441- 4231*4 4^ n* ^^4 4*7])2l ;g4# 42*0*4 
4fe p* 4°H 44*4 4-b 444 42*l)°14. °H. 471 n* °J^2] *H2 -,71)21 4 
47flBl €41- 4£^4°1 4*3-cr 4*4*°U, 471 p* ^2] aj«H£. n 7 fljsq 2)4-1 42*1] *£ 447fl£l 
444 42*11 4°1 4*3-b p^ 4*4*°U, 44 44 n % 4*4*4 444*r 24 4 p^ 4*4*4 444*r 
24 °1 42 4* 44. 

£4, 4 4^2] ^10444 42*1] ^44 447fl2l 441 S>£^1*4 4^ n* °J^4 447fls} 444 4£^1* 
4 7 4 P ^^ 4°H1 4^*4 4^ 44* 4H^I £4°14. 

471 n* ^^21 ^oi£ i7flsi ^si-l- ^>s.^l*4, 447B21 444 4£^4°1 ^*^1^ 4*4*°l2-, 471 P 
* =J^2) ^<H£ 17H°1 ^s># s>£^|*^ 447fl2] ^s>i- sv^iBi-oi p ^ 4^^oij7 tb«, 47l 

4*4*4 ^ A J4^ 444 4£^42) 3*44 p*§ 4*4*4 4^4fe 44* 4£*l)43 3*47}- 4* 44 
^■=8 44. 

44°l, 4 4^21 *»1i:a44 «J:£^1 ^44 4471)21 ^S}1- ^ n * ^^4 447112] ^SHi; Hj-£?11 

*4 4^ p* 4°l°fl 4^*4 4^ 441: 4t5E^fl ^H4. ol^, 47l n* °§^«] 3^ £ -,7^ u> £ 
^11*4 4471)2] ^s>i- tv^l4o] n ^ 4*4*°l2, 4t11 p * 2J^2] q7 i)2] ^s>i; 

4471121 ^s>i- Mj-s.^l°]-o] a]^s|^ p ^ 4*4*°1 -2. -§-7] oJ|) ^-71 rvf 4*4*4 ^44^ 2^4 P ^ 4*4* 
4 ^ A ^Hr 2^0] 4E1 av 71 n ^ 4^4&^- ^^g. «v £ ^4£] 3 #^4 p^ 4*4*4 44 

4^ 444 t>£A]]42l 3*^21- 4* 44 4^8 A3 $4. 

a4 4 4^2] ^19 ^^1 Afln^^-i: »l>s*I1 ihxH 5*^4, 44 P ^ 4*4*4 444^ 444 4£a]]^21 #4 
^ 4*4*4 444^ 444 4^*2] *4 a.4 44 4^1 44344. 

2:4 4 4^2] ^19 ifl^l ^1111441 .^iAll 4:4^, Aj-7] n ^ 4^4^o] ai 2 Ga t_ 2 N(0<z<1) 4 In p Ga , "N 
(0<p<D4 444s, 47l p^ 4*4*°l Al x Ga N(0<x<i) Sin y Ga ,. y N(0<y<i)4 444t11 2]fe 4°1 
4^-a] 44. 

3**1, 4 4^2] 7|l9 vfl^l ^111^S>1: a>^5fl ^4^, Aj- 7 ] p ^ 4^4^ ^/^^ n ^ 4#4#o] ig S E^E]^ 

44344. 

44, 4 4^2] ^9 tfl^l ^]n444 4E^l £4fe 444 44 4°l, 44*4 n^4 p^2] 24 S/s^ 

*47> 4€- 4*4*4 p^ 4*4*4 *844±l, 4£2] %aj^ ^ e2 ] *444 444^^1 444^ 
4 4471 ?1 ji vff- ^4a]71h, 44^4^1 441 *£^fl ^4* ^11*4 4 44. 

44 41 4^2] *7j*£, ft4#3! 44 v 47]^ 7}^£ %jl °iii4, *5fl 24^ 44 41 422] 7}^^ 
**«] *44 4 SJ^ 45L5L 4?147l^ 4°1 <H3 «4. 

°14 Hla4°i, 4 4^444 44 41 422] *^#2] ^^12.^ ^ ^41- <a^tb ^4, 

4*°11 447-14 2^ °J44^ 713. 24 S/2£r *47f 4€- 4*4*4 p^ 4*4*4 1^t°l«l 44* 
2] 4-ir 4 #7]l °1#<4 44*^2] ^4 44^ V f2] ^4, 4 44^4^1 44 v 4 444 4 ai4. 



- 10 - 



*7fl-Sf-«1 10-2004-0029165 



471 4-e-* 34444 &44, 44s 4*4^3. 4£3.4 4344 ^t}^, w*sn ai^4p^* 

4 *3 4341 44444, 444 a3 4/24r 44* 4=4 *>o.^l n ^ 4*4*4 4*4*3 4^ ^ 

3 344 4444 £4 444 #4 <344 4*U, ^4 34(44*3, Vf, 3444 4)1 4444 
4oi 4444. 

4 i£43 49 44 ^111^41- >&£.4 ix}o|] cfloH, -^^'o}^ ^<>\^ SAjol cfs. 2 =f^ o^l-o] ^.oj 
4£4*4 ^£2f 44 3*44 4444 f^c.^, A^ 7 ] q-^5V^o. oj^ ft ig-oj ai > E ^)^s. 0 ) A ^ 2. 
34 4i£S tj-oj #£4*4 4^7l)S] a* 3*44 44444. 

£4, £ £43 49 44 4ii441 4£4] i*H SH4, 4*4*1 4344 441- 4£43 234, p*§ 
4*4** 4344 441 4£43 234 434^ ^a) 7>4 4*4** 4344 4<a 441 45.413 
234 444 44 #^4, 44 441: 4£4*1 444 3*44 44444 4*4*21 4*113 *43(44 2 
^j)4 4444 4^ 4* 3444. 44, n*§ 4*4*4 P *§ 4*4*4 ^4*4 444* 234 44 44 44 
£ #°-4 44 4444 4£4 441 4£4*3 s34 2344. 

4*14, 24 4 4=44 44 441 4£4* 4444 4^(4*14 24 €44 £4 34 €443 €i *4), 
4^3 244, £4 C!= 7 34 44 4 4 3444. 44 444 4*4*3 344^s. 44. 

£4 4 «ttH 444, 21*4 *44 44 44, P ^ £4 n33 4£ 444 34£ 4* 44 ^41 3*34 44 
#4. 

444, 4 4^3 49 44 4n441 £44 SU44, p^ 4*4*4 4344 441 4^41*3 *44 
n*J 4*4*4 434^r 441 4£4*3 *4 il4 34 3*7} 44*4 Vf 4 34443 44 S.4 #4 4 
44444. 

44, 4 4^3 49 44 411441 4H4 £44 444, P S 4*4*4 3*4 *47> n3 4*4*4 4*4 
*4^4 34H 1* 34 44 #4. 

444, 4443 49 44 411441 £44, n 3 4*4*4 ai 2 Ga 1 . z N(o<z<i)4 in p Ga N(o< 
p<1)4 S44ol p^ 4*4*4 AI x Ga ,. x N(0<x<1)4 In Ga N(0<y<1)l ittlS.^ iL4 #4 44 
44 Vf 4 34444 £4 4 5S4. 

££4, 4 443 49 44 411441 4E4I £44 p*§ 4*4* 4/£4 n«§ 4*4*4 42S434, 44*4, 
Vf 4 34441 4444 4 44. 

SE4, 4 443 49 44 411441 4£4 i.44 444, 42 £444444 4*4*4 ^44 44 441 
4£4*4 444, 4^44 441 4£4 *13 141 *£7> 4* 44 #4 4*4*1 4444 444 4 

43 444 4.&*fl*4 <?ii4^, 4444 1411 £444£ #4. £4, 4^4 443 444 4£4*4 1 
444 £434 ^44, °J^4 441 4^4*44 144 *£7]- 4* 4 44. 

£4 4 443 49 44 4 11444 4£4 4:7>4 ^44, nS 4*4*4 p^ 4*4*43 244 44 ^S4, n 
<8 4*4*4 4444 4444 p^ 4*44 4^4^ 4444 444 44£ 444444 *44 4=i 
, 444444 p^ 4*4*3 *44 n^ 4*4*3 *4^4 44 44, 44**4 Vf, ^4443 344 
#4. 

5E4, 4 4^4 444, n^ 4*4*4 p^ 4*4*43 *47> 4# ^4, 4*4*3 244 p^ 4*4*3 
244 444 444 5^4 444444 244 44 4 44 4 4^3 Jl4* 444 44444. 

£4, 4 444 444, n*§ 4*4*4 p^ 4*4*3 *47> 44 ^4, n*§4 p^3 *43 244 4344 4 
334 &4-b 444, P ^ 4*444 n^ 4*4*3 *44 4=4 444, 444 24£ #44, 44444^ 
444 43 44, p^ 4*4*3 *47> n^ 4*4*3 *4il4 4^4 44 44 44 4 443 141 244 
44444. 

[444] 

44 *§4 1 
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£ 14 4 4^3 4-3^31 ±t\-(led £4)3 424- 444 £.334 445<34. aj- 71 LED ^ 

44 44°H 331 <34<34 311^3)4(2), <£544 GaN^-S <34<34 ^2^n|*(3). Si 5^3 

4 GaN°. 3. °14<34 n4 €-^3.4(4), <?!53]4 GaN4°.3 <34<34 31 3*1 34(5), InGaN/GaN i34 423 

n4 4444(6), InGalM/GaNiLiiL <34<34 44 44 44 423 ^4(7), AIGaN/GaN 3i34 f21 
ol4°14 p4 4444(8), 4 Mg 5^§€ GaNil3. <34<34 p4 ^3.4(941 4*1313. 344 444. 

4, -a^l^Bfl 12| LED £44 44°l<3 34(1)3 331 44 44 44 423 %^4(7)°1 ^1^3)4(2), ^l2tf|3)#- 
(3), n4 ^3.4(4), 3] 3^34(5) n4 4444(6)°.3 °)4<34 n4 O j3(30)4, p4 4444(8) ?J p4 ^ 
2§.4(9)iL3 <34°14 p4 4°H 33331 44. 

4 43^31 15] 444 4531 ±^ £li 4^ w><4 £o], #^4(7)3 4431, n 4 ^(30)3] In*- X444 
3h444 453]4(6a) 4 ^-71 *H44t< 453l4(6a)4 4* 2 A j4 44 312444 45314(6b)<3 34£ n4 
4444(6)4 Si SA4. 43 n4 4444(6)31 SH3, 311444 45314(6a) ^ X|2^4« 45314(6b)4 4 
4 3<35 44 34 ^^J43i, 43)5. 34 <34, 34 44343)4 44 335 24 <34 ^t§}2 431 44 °14 
3444 43 #4. n4 4444(6)3 4^34(7)31 ^43 *§ A 334 34. * A ^43 4(444, £4 4*34)4 
4^4 44444 31 1 444 453)4(6a) £b 3)2*144 453)4(6b)°i 4 3Xjl, n 4 44443 314 434 
43431 43133 444. 2.4, £ 13134, n4 4444(6)3 4^4(7)31 <4§43 ^14334, 4 43^ 31 1*11 
34 471 4444(6)4 4 A <34(7) 4331 4* ^44 45315 34 34 44 454 4 4 44. £4 47l 
n4 4444(6)4 4 A j44 311444 453l4(6a) 24 312444 453l4(6b)3 335 443 44314 100 
4^3.4 34, 4434314 704^4 34, 7>4 4434314 5042=4 343 43144. 444 >333 4 
434J 34, 47l 44 331 444^1^-4 47l «H4°1], 471 44°fl ^44 ^1 5£4 ^12444 4^11434^^ 
°1 44€ 4 4s 444 n4 44443 4^^°1 4^ll^^.s 443 C H ^43 4^4 44^-14 4 »4. 

^1444 4£^l4(6a)4 In4 4444 444 4£*)], 44^147114 34 In x Ga , x N((KX<1)^ 4 

0 l tlS ll X7> a}-4aj47il o.5 <^14, 7>4 44^4^11 Xtt o.i^^} 0 ^. 44, ^12444 4£^14(6b)4 ^144 
4 4£^l4(6a)4 S4 o] 44 444 4£^l°J 4°l fn, 4^431 4^4^14 ^14, 4^^°1 44 ^2444 
4£^1 (6b)4 ^4-^1 71 71 4\n ^11444 4£^l(6a)i4£ HHH^ °l4i^l7> 4 24i 444 £r 34i 4443 
444 4£^l» A J4^l44. °14 GaN^.5. 44 ^4, ^^Hl 4^j°l #4 4444°l A J44 4 5U4. 444, 7> 
4 44^)4 ^44 ^11^44 4£^14(6a)^.^1 X7} o.5 °14°J in x Ga t x N4 °144s >il244# 4£^(14( 
6b).° -S^i GaN4 4444 s4 0 14. 

44^4 4^4 ^li % ^12444 4E^14 4 443 44^1* 1004^4 °14, 44^4^14 704^S 
4 °14, 7>4 442)47114 504^4 °14s. 44. °14 ^l, ^Ih 4 ^12444 4£^l4 443 47)14 ioo4^ 
S4 °l*>3. t°l«l ^1 4 ^12444 4E^143 4°1 4 A j °J31 444 c> ]43 4471171- 3H.S 4^4 4 
4*11 a 34 ^44 Hi:a*H ^1°14 4^ ^4 44 444 4^11 7> ^44 4 $14. £t> 443 447114 704i 
—4 °14S. 44, 4444°1 i^4 427} 42 4^°] 44 471 ^44^3 44443<H1 4^4*^4 
^1714, 444*°1 44 444 4<H 4^44 431 ^4^1« 4 44. 

SE4 4 44^^ 14 47l ^Ih 5E4 312^44 45.314 4 443 44*114 < ?I^4 ^i £4 ^1)244 4 4 
£31 444 43. 4=£4 4 4 44. °11»*4, 3h444 4S3144 inGaN ±3. 42 312444 4£3l44 Ga 
4 44, GaN44 GaN4 4 0 Hl 3^14 lnGaN43 447114 4^4°11 °J^431 34 4^3 4^31 47-14 
£4 431 *M 4444 44 443 #^44 44 A l7l7l nm-oj, ^4»< : 'l ^444 44 ^ A J4 4 584. 
4, €44iLS ^3 ^47> S)4 2 A j44 ^ A J44 44 444 a47> ^^44. °1 3)4°11, °lH-i-4 3H3 

43 44 4^444 4^.^44 ±*M ^-3^, 471 4444^.S 4£444 ^^4 od l 5141^143 2.E1 2:^4 
4 $14. 

£4, 311 JE4 31244* 4S314 4 aj<H£. 443 34 4^3 2 A j4 4^4 3H444 4S314 4<3 £4 31 2 
444 4£314 4°H4i MS. 4=^1 4 4 514. i*4^, 31i444 45.3144 inGaN^s. 42., 312444 4 
£.3144 GaN.°.S. 44 ^4, GaN44 GaN43 4 0 H1 3*144 lnGaN43 In 2^4 # A J431 ^45-4 44 4 
MS. S°l 47-14 £4 331 4°i 44^1* 443 °-S. 44 31 44 ^43 4°J42., 4444 M1431 ai<3^1 #1 

44 4454 4<3 443^3. 2^3 ^47> S)4 444 4544 ^ A J4 4 5S4. 4, In 24°1 4^44 44 4 
711 #44°1 4^44 ^4°1 514. 

54,' 4^1^31 14, 31 1 ^ 312444 45314 4 44 £4 544 n^ 4443. 5^37-14 <?i5^€ 4 S14. 4 
3^4 44^1713 4|sfl, 47I *ili 4 312^44 453144 7>4 444431 4543^., 4431 $55^, n 44 
n^ 444S. 5^44. 4, 43 311 4 312444 45314 5431 n^ 4444 5^§44 ^S4, 3H444 4531 
43 444 453, 312444 453143 n^ 444 454 44 4 5U4. 
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144 4 WW 14, 2.131 44\fi 44 44 444(7)4 114 443I p ^ ojo^, A , °- £44^ 3)3 
144 42314(8a) 41 312444 42314(8a)4 44 3144 44 314144 4JE*II4(8b)l 444 p4 4 

444(8)* 444. P 4 4444(8)31 shi, n# 4444(6)4 41431 13444 423i4(8a), 4 

2314(8b) 44* 4<H2 44 14" ^441 13) 3414, 141 4434^ 44 2 ^ .34 444^ 
431 4* 14 344^ 401 44344. c^o 1( p 4 0J33I2 44444 4144 14, n4 4444iL42 43 
4*11* §3=31 44 4°1 443 Vf, °J31147V 1442* 4131 4144. £ ^ £.0^1^ 44 401, p 4 44 

44(8)°1 444(7)31 14°i ^§434 14 , 4443 344(444 214 4^4)4 444 p4 44444 313 1 
41" 42314(8a) 214 34144 42314(8b) 4 1- 44 1 4 Si4. 

£t> * 141^114 313 ^ 4444 42314 4 412 443 4414 1144 313 H^r 314444 423143 
44*1)4 4* 4*24 4 4 Si 4. 31-H4, 31 34 44 423144 AIGaN^S. 44 4^ 31 44 44 423144 G 
aN^S 4444 14, 1444 GaN4* 413 AIGaN43 44*fl* 44431 4444 133 4^31 44 47V 

47-14 24 4444 44*11* 7>4 4 SI 414 #4*°! €44 44 *§44 4 Si 4. 4, -34 
4=L5 S43 ^a> 7 > 5U4 144 423144 *§444 534 ^4 ^44 £^44. 444 31**1 41^1^1 4 
44 44 4244, 44144 imt 4.431 Sill. 6 114 4444^ 4244, 4144 1441 311 
1 43 l£t £44 4 Si4. 

£t 3]3 £4 3]4l4* 42314 4 44 214 44 243 34 44.3 a^f 444 313 214 3U444 42 
314314 a-is 4^£4 4 4 Si4. ^]#*^, *))3441" 45.^4-lr AIGaN*.S 4^4^., ^1444-i- 4£*fl4# G 
aN 4 A J4^ ^4, GaN4* 4 6 1°11^ AIGaN#^ Al a A j4 4^#°11 ^^4^ 7l5l7> 4^4°fl 44 ^4*W 
4 4^4 4 S14. ^4, 44 4°1, 4444 M)4°fl Si^^i #444 ^4^1 ^ 44^ ^£-1 ?3 
47^ Slfe ^44 4£^144 ^^4 4 S14. 4, Al a4°l 47l-4°fl 44 #1*4 4444. 44^1, 4^°11 44 
°1£14 a^£] ^471- Si4 44 P 4 4°11 »1144 4 SI4. 

^13^44 4£^14(8a)4 AI4 ±444 444 4£4 44^4711^ 34 444°J A! a Ga N(0<a<i)^S. 4 
WiL. 71-4 44^147114 a4°l 0.5 ^4°J Al a Ga L a Ni-s. 44. a44 o.5» 4^^°1 44^ 3^ ^ 
W 4°1 ^^14 ^4°1 SJ4. 4^, ^14444 4£^14(8b)4 ^13444 4£^14(8a)4 44 444 4£ 
^14°1 42. 4'1 4^4^14 4^14, 4^^°1 44 *U444 4£^l(8b)4 ^4^7171 ^sflAi^ ^34 44 451 
*H4 i4i *\]^*)7} 44 24 444 34 444S1 444 4£^» ^4444. °14 GaN^-S ^J4 
a] 7 ] 4 4*I1^^S. 4^0} #4 444*°1 44* 4 Si 4. 444 7I-4 44^14 £t°s^ ^1344 4 45131 

4(8aH43 a4<^l 0.5 «144 Al a Ga N4, *l)444 4 451^l4(8b)i42] GaN2] S4°14 

^4°1, *fl3444 45i^]4(8a)S] 44^* 1004^4 <>14, 4434t114 704^ss. 014, 7 >4 44^4t)14 
504^4 o]4s. 44. 4°J4t11 ^4^44 45i*fl4(8b)sl 44^151 1004^^4 °14. 44^4t114 704^s 
4 °)4, 7V4 44^4tJ14 504^4 °]*s. 44. °14 4*1 ^13 4 3)444 4 45131451 44*11 » ioo4i^ 
4 °14S 4A^1 471 44 4 4513121 44^7)144^1 «»l*>s. s|4 44*11 S 4434 ^4i 4*14 44*115. 
4434 ^44 aU4°i 144*1 44 144 451341- 444 4 S14. £4, 444 4513143 444°1 44 
*]E.s., P *8 4444 ^7>4 14°11 4517V 31 *144<>1 44 P 4«14^^U Vf, °JtI14444 ^1 
441 4 SI 4. 

313144 45l314(8a) ^ 3U444 4£314(8b)4 44 2-4 Sisi^* 4 SU 44 24 p^ 444°1 S.^4 
42 SI4. 5E4 <>12 P ^ 444°1 2^S4 4 SJ4. 427V ^4 P 44 g7l 4«II44 4S2^oi 7 V 
4 442144. 4, 7V4 4^^ 42^3 ^ o.^ 44*114 0.1^ *14, 44^4314 7004^4 o^v, ^4 
4414314 5004iS4 *i4^ t4>»4 2431 4444 2^44 14, 31 3144 42314(8a)3 p ^ 
444 424 314144 42314(8b)3 p *§ 444 424 44 4 Si 4. 

°143 44^^12] 144 4231^44, P 4 ^^(40)31 P 4 4444(8)4 ^44S!44, 4 4^4 0I43I 44 
£11 4n, 2231 3144 44 4°1 p4 4444(8)31 cfl44^ 443 p 4 #efl24(i8)4 p4 4^B4(9)31 3*fl 
434 p4 13(41)°1 44 €4. 

°143 14 14, LED 4:4* 31 3. 4^42. Si ^4, 4 4^4 °131 4431 4n 31 °11 4°1 5^5131 444 
^2 44^^ 14 414 s47V 1<312S 13401 0]*}$ 4^01 7V444. 

4, LD 4431 Si 0 ! 4, 31*4^ n4 4*444 lnGaN25. ^^^l 3lll44 423144 GaN5:S. <34<34 ^2 
144 423144 4-s 444^-54 443s, 4-1 3H144 423143 44*114 44431 314 113 4431 
44 444^5 47V424 4444. n4 44444 °14 1°1 4445l^3 n 4 444431 Sill, #4431 7\ 
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4*1 3"i 44 GaN iL4 ^-^f-o} a- i n GaN3 3£4 47}33 n4 44444 434°fl iflft 3e)7> ^1 4 

4 3 *>3 is #«4 3 3 t 3 a>i- 

S&4, LD SH4, p4 44444, AIGaN IS 3434 ^13^3}-* 45*1144 GaN°.S 3-f-o^ *]l4344 

4£.*1144 3S 344°.S 4 A 33 jl, 4|3344 453143 44314 #34°1] tBft 3e]7} 4i4°ll 44 343 
o.S 3 ^3 44. p4 44444 3343 4^«\2.S^, p4 4444°11 &$£eq 7 >^ $o|| 

44 # : S# 0 1 3£: AIGaN3 344 #£471 jl, p ^ 4444* 7>4£| 44 £3 -fro] ^^je^*!- 

4 #44 3a}» £4 tlS t 4 3.4. 

0IAJ.4 £ 0 j LD ^44 43«§3 14 tfo], 2\ ^S}1- SjS^S] 133* 47fl % 4 3-° °S, 37)1444 

44-31 43 ^1 443 « 4 sa 4. 

5E4 LD ±*}tr *444 3454 n4 444 S p4 4*4 2.4, 43 4i 7>4fl ^efl 44 #443 

34t11 #34 ^4* 43 € 4 3-°-.5-S, 44 43E.444 S3 4 4 »jL, 313343 S£f 4343 
Jl43-°-S 234 4 SI 4. 

343 <iS4 LD £44 ^)1 SEfr ^3444 45*1143 44*11* 4433°11 33) n4 ^ p4 44444 #44 
^Af^o.5. ^ ^ o. 0 ]3}ofl <g 2 »i2 ^ 314444 453143 44*11* 34 # 
11- 3a>4 4 4 SU4. 

£t, 4 43°1)3, 311 5fe 312444 45314 4 335 443 34 € £3 oi^tt ^11 £^ 312444 

4£*l]44 44 34 €£3 234 £43-2-3. £433.°-S3 #443 3a>* 454 * 4 34. °)l*#4, 3li 

344 453144 lnGan.°-S 434n ^12^41: 4i^l4* GaN^S 4^4^ ^4, ^1^4* 4E^l43 In^l 
«^*^] ^5-4°fl 44 34 S435.4 4<H, 7>4^l H 44 ^3»* 3>n* 4 3X3-, 447> 

3S ^a>i- ^s>l- 4£^4* 1^94 4 $14. £4. GalnlsH $1^4, in ^ 7 >4°fl 44 ^3 

*°1 ^44. 

£4, p4 4444<H]^1fe, ^13 ^]4^4# 4£^4f- 3^5. 443 34 -€^3 £44 "?134 *ll3 ^14^ 
44 4£^14 4°HH 4S7fl 4iS^ ^34 ^a>## *§aj^ ^ oj^ ^3^^ ^£^)hv^ A | GaN 

is 434s ^14344 y J:£*l]4* GaN «.s 434^ 34, GaN 44 a>°hi AIGaN43 AI 2:34 434°1] °J 
34°11 44 34 444^4 4^ p4 4444 ^4°fl ^^3 #344 34 443?1j1 433AS 23s] ^a> 7 > 
3X£ 344 4£^i#-i: ^aj^v 0^4 ai23°] 471-4 i 44 #344 4444. 443 43°1) 34<H, °1 
el 4 233 3a>7} sife- P 44°11 4 S14. 

43^ eh 2 

ol4, £ 4* ^'-a.S 44, 4 43°1) 44 33^^11 23 344 4£^1 4i4°H tflsfl 3344. 

4 43 °1] 44 33^Efl 2 3 344 4E^1 ^Afe 7l^> l3°il, 443 44^113 344 4£^14^S 434 n4 
33(130), P 4 33(140) 4 43 n4 3 3(130)4 p4 33(140) aH^i 7 i^ ^ o o t^ ^^ (7) ^. 
434 34 «I)e11s^23 444 £434. 

S4 4^)43, 4 33^3 2^1 44 344 4£^1 ±*HH. 43 n4 33 (130)4 £ 4°fl £.3^ 44 ^o], 1^3) 
4(102), <?i£4 GaN4(103), 4£#4 S44^ n4 ^3s4(4), 4£#4 £444 n4 ^114444(10 
5), ^11344 4£34(i06a), ^ ^2344 4JE*l]4(i06b)-9.s 34^4 n4 ^l24444iS 34344. 43 
p4 3 3(140)4 444 S&^r 44AS 3434 p4 4(108)4 Mg £^ P 4 GaN ?^lf(9)is. 343 
44. £4, 43^Efl 23 444 4£3l S133, n4 ^^S4(4) 3°fl n34(i2), P 4 ^-3S#(9) 33 p4 
4(11)3 44 ^3 €4. 

343, £4°ll3^, p 4 €211H4(108)AS3, 3)3^44 4H^)( 10 8a) 4 ^4344 4£^l4(i08b)3 3*4 4 
444 4444 SoU 5U4. 

4 43 c> 11 433, 34(1) iS3^, *M°}°] c4, R4 se^ a44 44-5.S 4 a>433, 33°ll £4'S(MgAi 2 0 
4 )4 44 433 34 SiC(6H, 4H, 3C* £44), Si ZnO, GaAs, GaN 43 4£^l 3^14 344 4 34. 

4 43°11 433, 334(102)4 Ga d ai ,. d N(d^ o<d^i)^s 3434 444 4£.^ls 4344. Ai3 343 
4444 4333 434?fl 7flAiE]£.s ai3 44 444 4£.*li2] a>^-oi u>^-z] ■sj-jl 443 334(102)4 34 
44S3 GaN3 443 71-4 44344. ' 
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^7} 44^(102)4 4 J T-*fl4 0.002 ^4 0.5m, 44444-cr 0.005 ^4 0.2m, S4 44447llfe- 0.01 vfl^l 0.0 
2/^4 S444. 444(102)4 4447} ^ 0 >7l <S4°fl oj4^, ^5}^- 4^4 43 ( morphology) 

7} fsWa, 444(102) 4°ll ^444 444 4E44 44 A 34 711^^4. 

444(102)4 A 344E4, 200 vJM 900°C°1j2., 44444^ 400 ^4 800°C4 2.444. ^44E7> 4 

7i <3444 44 444002)£r 4434 44 4434 444.2.S4 4444 ^^*(102) 44 34 
4£r ^S}# 4:£*f|4 433* *4 t ^ 514. 

Eth 44 44 4^44 ^#4^ 444(102)4 444 f>*. 344 1 ?! *°fl cflSflA^ ^§^H£ #4. 

44, * 24 5144*r, 4£ ;s 8 GaN4(103)4 3444 44 4444 ^7 r 44 3444 ^44 

. 444(102) 44 44 4:&4 GalSl4(103)4 34444 4:&3 Gal\l4(103)4 4334 #44:2, 4£3§ GaN 
4(103) $H 3444 n4 ^-4^4(4) 44 4334 44 4 ^ SJ4. 4^3 GaN4(103)4 444l*r 0.01/an 4 
4, 4434^:=. o.5/im°]^-°l2., 3.4 44444*r 1*an 4344. 44 4£34 GaN4(103)4 44 434 4" 
*)144, 44 4^3 Gal\l4(103) 44 444 °-S 344*r 444 44 44 4334 7]-^ ^ $14. 4^34 GaN 
4(103)4 4444 ^4 444Nfe-;g4344 ^o£i sj-344 444E 4^42, ^A-I^H 444 4 
4444 44. 

4-5-, 4 £4*8 4 2*11 5144, n3 4444 3L444 n4 ^4S4(4)*r n 3 #444 3x10 ™ /erf 44, 444 
44 rr 5X10 is /erf 442I £444. 44 44 n3 **** 44 E344 A J"7l 44 n4 €-4H4°.S a} 

444, Vf 4 344^-4 444* 4 514. 4E7> 44 igfli- $444 V f7} 44 4444 St* 344. 
2.4, n4 ^4^4(4)4, n3 44-& 4£.7 r 44 433 #4 4E34 GaN#(103) ^^l ^^E]^, oL^S.^ 

fl-fi-fl-^E 1-^42. ^^8* 7>^ ^ S14. ^ n^r ^S#(4)i4 

4* 4^ 4^1 ^^H#^.s.Aisi 4^* ^-^^ ^=8^* ^«B4 47l 44^ 5 

xi 0 21 /erf o]4s 4^. 3} 01 4^144. 

47] n^*«IS*(4)* 4^^!4fe- &*1 D J: In e Al f Ga N(0^e, O^f, e+f^1)°.S. ^ A J4 =r 514. nS|4, 
GaN 0.2 M.4 34 ai f Ga ., f N* 4^-44 *]4i44 4^44* 4^ 444 4E^1^°1 47fl 

^^4 4 514^ 51^°] S14. 471 n4 ^ejs#(4)4 4^s]4^ 444 n4 44°! ^#=1^ ^1 0 1^ 

» ^1^4hs., 44 n# ^-^s#5i 4^fe 0.1 tfl4 20/an, 44^14711^ 0.5 ^4 10/an, 4 a.4 4444711^ 1 
M14 5mh44. 44 n4 ^^*(4)si 4¥^7> 44 ^^1 $144, 444 444 4 Sis 444 44^43 
444 444 4t)1 4 4 514. 

314, n4 ^S4(4)4, ^44rr n4 4124*44(105)4 4^4 4^4 4^-S. ^^44 ^it«5. 444^ 
^4^, ^844 4 514. 

44, 4 44^^11 241 5144, n4 41 1 4444(1 05)4, 44 4€- 4E5. 444^. E^sl^ 44£ 4 7ll°l 4 
44 4^^1144 £44^ 4442:44. °l n fl, 44 44^4 7fl4 4£*H44 4s. 4-S- 444 ^H^4 
44 4°J 4 514. 44 n4 4h4444(i05)4 444^ 2 m 44, 44444^ 1.5^44, a.4 444 
4tH4 0.9^4444. 44 n4 41i4444(105)4 44^l7> 44 -3344, 44*^4 444 4 514. £4 4 
ftoi S.447H 4^44^ 444, ^1»»4 o.os^m 4444. 

Aj-7] 4444* 4^44 444 4^^144 4^ 444 4£7> 44 4* 43:E^44 4 ^4, 4444 

4444 E^S 44 44 4^, 4 4E 5 S 4 444 44. 

2.4, 44 n4 ^1114444(105)4 4S. ifflH^I °ll447> 4^- 44E 2444 44# 4444 444 

4 4444 ^4°ll ^144 4^44. 

^ 1 4^4^( 10 5)4 44444 4^K? <iM47l- € 444 4£4l4(i05a) 4 SE=^ 4447}- 44 
444 4^ll4(i05b)4 4441^ 1004^44 44, s.4 4444t!1^ 704^s» 44, 44 44444*? 10 
ifljq 404^Sf- ^44 4441S 2444. I004isf- ^.4E 444^ 4H^S 4447> ? 444 4E314 4 
HSH^ 4447> 44 444 4E3144 444 A J441 444 4415. 4s 4 4 *114 44 3^ se^ 44 444 
4^4 444 344 514. °11447l- 444 4^44, ^1447> 44 444 4^11 44 4441 
4 444 4444 4444tt 444 1444 44°11 *1144^ 4444 S.4 44444^ 444 44 44 10 
*ilf 44°J 4 514. 

444 44 n4 ^114444(105)4.444 444l7> ^ 444 42S 44444, 44 44444 4^4^ 
444 "J-H444 44 4^14 4^444*11 44s 4 4 Sis 44444 4^44 444 4E^7l- 444 4 51 
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4. c^ol, a o v 71 t\-^%-o\]^] 7]J&£.S.^ 32^4 GaN*(103) H n4 €-^4(4)* *4<*l €^€4 

* =82. 434 4 SfljL. 444*21 ^ofl aj^ n ^ *j| 24*44(106)2] #7fl § 4 $)4. t-K<4 H 
EMT4 444 % 4. 

SEJEfl 4M*l7> s ^s}^. 4E*H*(105a)4, 3°l£- Al* £444 441 424], 4444tI14 Al g Ga N(0 
<g=£1)* ^4*14 44* 44444. 44, HEH3 *IM47> 44 €4* 4E.*ll(105b)4 iffl = =fl °1M4 

7]- 4 34* 4S.*ll(105a) £-4 lfflH^ °HM^7> 44 44* 42*113. °14°13£.4 44 74 0} #0.14, «>^§>7fl 
4 Al h Ga N(0<h<1, g>h), In . Ga ,.j N(0<j<1)4 44 24 44*, 3-fi 44*2] 44-t St£*|7} A j447l 
4°l42 2.4 43 ^°l 44 74 o] <>J434. a#<H]£ **l 4434*14 SEH^ °W47} e 34* 42*11 (105a) 
4 €33 In* 4443 44 Al Ga N(0<g<1) tM§S| 3L, SHH^ «HM*l7> 44 34* 42*ll(105b 
^3 o. a Al ^. fl-^^l ^ | n j Ga N(0<j<1)H 4344. °lf i< Hl£ €33<:>l 444 4*4** £7l 
3*H34, AI2] 43wl(g4)7} 0.3O1421 Al g Ga n . g N(0<g<0.3)4 Gal\12] £^-c>l 7>4 44444. 

24, n* *lli4*4*(i05)°] 4431* 51 ?|Bl«H-fr^*ia. 444 4 &4 1^2 #0.4 3^4b ^4, 

2] 4**iL42 42^1 °14i37} e 341 42*11* 343€ 4-2-7} flcK c] a TflH^i °M3* 44 34* * 
2*fl*4 Al 2;^«]7> Cj ^4 ;§J4# 424M4. *2fl Al a^Ul7> *4 341 42*H* 4tM13. 3433^ 3 

434*1 4343 nfl€-o( 33343 3344. n34, * 4€- n* *lli4*4*(io)* 4*4*J2-3. 

44, 4*4** 4344 442] 34* 42*fl*(105a, 105b)* Al 2:3 «l 7} 4^*4 *23. 432, 433*1 
nv=^| oj-sl-sl 44^13. 3433 n|«o| 2^o] ^4 cj^^ o] -fj-s, Al 2^Hl7> Wd*>X 
^7]} A^<>] -a-^l TtA 431, ^l 0 !^ i^H^lr LED ^H^it Vf(£ 

^ °d-)» 7i *>A] 7J ^ 514. 

cl^l, ^"71 n^ ^1 14* ^#(105)21 «HH7^ oflM^l7> e «J:£^#(105a)4 HEH^ «IM^?> 4* ^S>« 

45. ^^(1 05b) 4°l3] n^ 4^- 5°l 4^44. °l^* ^ £^^4j2 ^«}£i, ?!r^*2l 

°j7il^°j-, vf ** 7-14A17J ^ 514. oi^j^. 4^4^ mhi ^ ^£** i44*-^l w *<<\ ^M-^ 
£7> #7>47l°11 3L4^°1 3L 4f ; 4»i ^£7> *Al6fl s^H^S.^ ?11 A «H ^i7> i^- 4 

#4*2] 44^1 ?1 71 HS-014. ^, l-^-t ^£7> 42 6l*JE7> ^H7> feal 7flsl<H ^-£7> 

e ssm ^£7> S2 6i^.£7> € *<>] #2flH qtttfras, °Jt^1 44, Vf^l ^ 

*H 7lo^*v4. 

HaHJfl & HM^l7l- €■ 441" 4£*ll^(i05a)<i n^ 4°l JEfl*H? ^-f . B JlH^ <iu|^7> g 441 4i^l 

*(105a)°fl 44^4 1 X10 17 /cnf tfl^l 1 X10 20 /cm", 2i4 44^4^^- 1 X10 18 /cnf ^^1 5X10 ™ /cnf 

a^44. ixio 17 / cn f ^.4 4^-4, °H^7l7> 44 441 45.^(1*421 44 44^, ?fle|^ ^s.7> 

a ^<H^1^- ^40] oj^ gc^j. n X10 20 / CII f a. 4 3 .^ i 4.4 4^^ 5| a ^=.7]. 4=14 ^4 0 1 514. 4 

4, HHH^ °\}^}7} 44 ^41 4^1*21 141 4S.fe HH = ^ «HIM^|7> €■ ^41 4£^fl*i4 44 740I 
*oi, 44314711^ 1/10 o]4 44 301 44a|44. 7>4 44^4^1^ <a£ 3 §4 1 3 °14£7> 7>4 S4 *«1 ^^1 
*144 44^7> M4 t*H 4?1 ^41 4£^l4(i05a)^ «fflH^ «fli-1^7> ^ 441 4£^14o.^4^ ^4^.' 
44^1^ 1411 £44 5°U, 471 14121 44 1 xio 19 /cnf °l4°l 44^44. 47l n^ 141S.^, 
44^17} Si, Ge, Si O 42]- 471 la qw B4, VI B4 €4;* 4^42, 44^4^14 Si, Ge, S* 141S. 4 
4. 471 444, ifflHfl ^M^l7i- 4 441 4£^14°1] n^ 1411 4^1 °HM^7> 44 441 

4S.*H4°H n^ 1411 4°1 S.^44 ^45 44. 

°14, 4444°H 1411 4434*1 «a^4^ ^4°11 tfl^ 4^4^14, ^]ui^7> e 441 4H 
31 4(1 05a) 4 CE=S °!4i^7> 44 €41 4£^l4(l05b)2l 1412] 4£* 4*1 4 4 SU4. 

cl4°l n4 ^114444(105)21 444* 4 A J4^ €41 4£3l4(105a, 105b)°ll $H4, 141°l E 
^£l^ 44, 47I1444 44 4£*H4 ^-^4 141 4E7> an 444 5*1^ 141 4i7> 4t)1 

s]4 34-14 4434*1^ «£^)«1 44344. 4^13^ 4^44 «4*#4. nl 44ls.^ Si* £44 AIG 
aN4 'tiE^^ GaN4°.S 4444* ^4, AIGaN4 SiS S.:%$o] %6\ ^s.X\ 47># 5.4cflS. iflil 

1-144, °1 47fe i€^°l AIGaNfi-4 44 GaN2l E^cfls ^^44. GaN t% 4°114 S.M 141* £443 
471 u||-g:°i ?113<H4 14* ^7flAi av4s]4 ^ ^o]4. o]e^ o] 45., a o v 7] ^4^ GaN aj^^ as 
44 ^7> °14£^ 4°14*1 *3°J 4 Si4. <»1^«: 444 244 34 7^41 744 4442 44°14 

£.* 4^ 44^171 cl 4*l4ai 7-14^4 ci 4*1 44. £4, IHH^ °!4i37> e AiGaN2] 4^°J^°11 441 

* 2.^44 e47> c|* 7134. 4, GaN4°ll A 1 °1444 47>^ AIGal\N 443 n^ 14* «1*(<>1 3 
4 Si)2l 44°11 2]§H °J44* 74014. n34, AIGAN421 44^1 hum rfltb 444* 42^44 Si2] 44* 4 
Til slEa, -ti£^S GaN*2l 47} °l*E7l- 444 4 fl4. 
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4*, n4 *1)1444*(105)<4 4°J 233 44* #£*]]43 3433 f-33s n3 44*3 -*7l 44* St 
* aH1 4* *£S £43* 34°11 tfl^M 4344. 

44, n4 *1)1 4444(1 05)* 434* 44* a *E3]^3* 434 23.5.3. 433* 4* 4iJ34, *°J 23 

°1 33 4434 33-3.^ GaN°l S14. n* *]] 14444(105)3 GaN.9-5. ^-334 2« 44*3 GaN* 3 

■A 44*3 nil lief 4333 f^l 344 4 S13 ^3).^ o. s yfts.qg 433 3H 334 4 Si4. 

* 44^61) 2°fl S133, n4 4444(105)4 n*£ **** 4*4* GaN-°3. 3434 44* 4£*]l4-(105a)4 
43 44* 4£Sfl4(105a)4 4* n3 *** *E» 4fe GaNAil. 3433 44* 4J£*il4(105b)* 3443 
4*4* 3*4 4 Si 4. 3 3* , 44* **E*fl4(105a, 105b) * 3^ 443 3:E33* 33 y^a^t}. 

33- 43 434 2:3-° 3. n3 ***3 £343 a^s. 4=711 Sil^tt 24*3 44# iftS^^o.S. 343*! 
n* *lll4444* 3*43^, SH— 7 ^ °M*l7> 4=S *43| 42: £3€ 33^ 2*43 *«.£. ^34 n* 

4444(105)3 3*4 434 4* 3334. 

n4 txt£] 1X10 17 vfl*l i xio 21 /erf, 4444t)I* 1 X10 18 Ml3 1 xio 19 /enf, Ji4 4434tH£- 3 

X10 18 uflxl 7x10 i8/crf°14. £4, *433 S133, n4 31144-44(105)2] 444* 4443 4333* & 
33, 1000313 4000*:* S#, 44343*2000 313 3000*^3=4°-^ 44. £4 4*4*-* ^34* 443 
4411* 500*^3=4 34, 44343^ 200*^2=4 34, J£4 100*:* 3=4 34^. -sj-cf. 

4*4* *34* 4*21 44?fl2l 44* 4343 4333* 4^4, 1444 34°-^ 4* 43 #s, 10-g-i 
If 34i^ 4* 43 44344. 4714 44 4^144, 4333 #?11 344 4 Sis 44*3* 443 ? J 
4 Si 4. 

5E4. 34 43* 44 44 sHh^ i447> 4= 7-14 s^°l 31 *^-t ^£7} 4* 2** °143 *± 

S. o}^o]^ n a. ^14^4^(105)^ n4 ^^]H** 34 <r S14. °l 34, n* ^14*4*(105)5] 4^1^ 0.5 
tH^l 4m , n}^t}7]]^ 1 ifl^l 3^n, 214 4434711^ 2 xfl4 2.8jmii5. 44. 

°134s-l n4 ^H4*4*(105)^ 44^ fe- 47l ^<H£ 2*4 0 l42] 44# S.^]* 0 ! =^ ^/a^ 47l . 
^44 ^4* *£*ll4 445] 44^4 a.l«ll 2 ;: §44. S4, ^l^-fsi n 4 ^1i4444(105)* 4^4^ 4 44 
1- 4H314 4^1^, 471 ^^^1 JMIt- 4^ 44*^-^ ^ A J4 4 Sis, 444 7> n4 ^s*^ ^ 

44^ n4 ^ 1 4444(1 05)°fl <M 4*4 44 4°l 47l 44^4^444 4 444^ 24#^1 44* 
4JE*H4 44^1 44 4^11 °fl %n 2^4 4 Si 4. 

5E4, 4 4*lH3H4*r, £ 4°fl 44\fl 44 4*1, «^4(7)£l 44°fl ^1^14 n4 ^(130)°i In* 5.44^ ^11 
€41" tKE^l 4(1 06)4 47l ^144* a Jr£*ll4(106a)4 41- ^* 4^ ^244* «J:£.^4(106b)°l ^44 n 
4 ^124 444(106)4 4^4. n4 ^124444(106)°11 °J.°]*\, 41^4* «Jr£^l4(i06a), ^244* SKE3l4( 
i06b)4 44 ^ c >]s. 44 °14 ^^4°i 4^1 2* °14, 4434t1]^ 3* °14, Ji4 44^4t1]^ 44 2 
4 °14 3 44^ 4^11 4* <>14 344^r 4°1 44^44. 

n4 24444(1 06)°l 4^4(7)°ll ^47fl ^^j^^ 34, #^4(7)£l ^ 4(444, 4^4)4 ^4fe 4 
4 *1]144* 4£^l4(i06a) S ^12^4* *£^l4(i06b) 4 44°J 4 Sli, n4 424444(106)21 ^4 
44fe °J5H o.i£ 4^14 4 S14. £4, H4«HI4fe- n4 ^24444(106)^1 #^4(7H ^ *H ^^5)3'?]:, 47l 
n4 *ll 24444(1 06)4 4 A j4(7) 4°Hl 4* 44* 4£4S ^14^4 44 71-4 4 Si 4. 

^ 2<=H1 Si^i, n4 ^124444(1 06) "HI Si-HT-i, 47l ^144* *£^l4(106a), £E^ 47l ^244* 4 

5E*A4(106b) 4 442] 44^1 100*^^. ol^s. 4^. ^}ol a^zj^r].. sttt, SL4 44^47flfe- ^1 

44* t>£^l4(i06a) % ^244* S>£^l4(i06b) 2.4* 1004^4 o]§>, d4 ^44^^. 70*^* a\ 
4, 7>4 44347]]^ 50*iiS4 °l4s tb4>l4 4°l 44^11* 841 4^^, n4 424444(106)^1 i34 
4SS. n ^ ^124444(106)2] 4^4* #7i] 4 4 Si^-HS., 4^4 44*14 4 Si 4. 

°14 4°1, 471 n4 ^114444(105)4, 47l n4 *l] 24444(106)* S44^, 4434t]1 44*^* a.4 4 
4*1 ? J 4 Sis 4444 4(Vf)* iL4 *I442 4 Si4. a ^14* 43 434t)1 3«H43* 4434, n4 ^124 
444(106) 444 4*J42] 43^* Ji4 #7)1 4 4 SW-g-AS ^444. 

^H44* ^£^14* in* ^44fe 44* ^^), 4434t11^ 34 44*°J in k Ga ,. k N(o<k<D o.^. ^34 
jl, c-14 44347]]^ k7> 0.5 ol44 In k Ga ,. k N, 7>3 4434711^ k7l- 0.2 °14Sl In k Ga -,. k Nil ^34 
4. 4^, ^244* SJ:£^I44 >fli44* «J:£^l44 ^33 4* 44* 4£^l7> 4s, 4343 4333* 4 
33, 4333 4* *l)244* a J-£3» 34333 ^*H3, ^H44* 4£^la.4 ^H^a °]]337> 24^ 44 
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7\] ft 4 Si 4. 4*1 p% £38 ft ftft** ^j44 34, «-ft*£] £31i4 Si *3 n t§ £^E f 

3*)]* 11*8.2.5. 44 ^©l Hl-a-Zj^Cf. ft^o) ^ ftftf-g- ^ftA^l 3*1144 ft*] S^Vft &rr 5 

*^#(7)si 3-1**4 44*2] 3*4^t 3^33^ &0.4 4**4*1 3*4<h * t*£s #4 4£ 

Si 2, 4**43 3*4o^ 4^*o.5. i?ft ^£ 514. £ft, 4^*43 3*4*1 4^*^5 #4 4£ SloL, 3^1 
*43 3*4°1 4**0.5. #4 ^ri Si 4. 4**2] 44*1) ft 100*^5* o]S>, 4^4^!^ 70*:i5-§- °lft, 
iL4 4434711* 50*^5* °14s £344. 4 4^41 5A°H. 4**3 4tM13 4ft* *34t11 43334 
?^34, ift4* °14, 443 47]]ft io*^5ft- oia o vo. s 3.4 ***ol ioo*^5.ft iL4 ^-f ^ 44 
ol 3 3*34*1 5a 4. 

4ft, 4^*3 4*31* 2000*^5* °14, 4434711ft 500*^5* °14, a.4 4434t11* 300*^5* °1 
45 3i344. 4 43* 43*3 4^ 3 ^^g. ft 3 3-3^ 434, iftft* 4434t11* 10*^5* <>1 

^iS 44. 43*ol #7] f^ft »3 44°] *°144. CUfOl, ft ft3 o. ^^( 7 ) ^ 6| DV^ll- ^ft^l 

4344 ft &34, led ±A *3 443 4 44 4* s34<4 43* 4**3 4 3*44 *j* 3=3 
4°1 *3*(7)3 *4*3|«-2:344. 

ft 33*13) 2 41 Sl^l, p* #2])H**, ftH^ 41M37]- ft *1]334* 4£4l4(108a)4 *1|344* 4^14(108 
a)i4 SfiH^ 44137]- 3* 31 4^4 4* 4£*D4(108b) c 'l 3*3 2, 471 31334* 4£>fl44 3|4ft4* ft£.*l| 

4* pii **** -Ms 434 4ft *£5 s.444. a si 4, * 4^413 p*8 #«H:e** p ^ sft4ft 

Al b Ga n . b IM(0<b<1)0.5 «l*«H« ft°J *3 ^5 4*4 ft $44. 

P* €eflH*ol 4ft 4ft2:(i£3 4*^)4 4ft P 4 4*4 €3]H*(i08)3 3*41 tfl*M 4*41 ^44. 

p^ 4*4 «2flH*(108)Sl 4*4#* ^4^ ^3 ^ ^4^4-t 4£^l4(108a, 108b)Sl Hj-^fe- 100*±H 
4 °14, a.4 44^4^11^ 70*isi- °14, 7}^ 44^4^1^ 10 ^} 40-§-isf - °143 4"^^ s^£l^, ^o 1 - 
71 *83 ^ ^14^4* 4£^14(i08a, i08b)s] 4-r-^l* 4^.7-14 4# ^ $44. 4*4 ^-ss] 44^1 4^l7f 
471 'fifloi^, 4 44* 4^^121 4=^7> 4 A j °j7fl ^l oie}s. sis, ^£ A J^1?1 ^S-f4 h] 

^^ A J°1 ^4* 45E^|7> ^^-tt SlU SEft ^S># 4E*)l*2l ^^§°) ^S\E.3,, pi% ^7>ft 

^+41 *E7]- 71^ ^ft^o] 44 p*Ol ^^^] 2 , £71-51 Vf, °J^l^^-7> ^ Tfl ^4^14 3*0] 514. o] E-| 

*v 4^] °i 2 f^sj ** ft4-°-S. 4°^ 44s| 2j*4°^ 4*4** ^ A Jft4. 44*1, p* 4*4 #2flH*(ios) 
si 3*11 4^13 ^^84 47] ^113 ^ ^t)4^ 4* 45.^142] 4421 4¥^1* ^42. ^*a)4 1 » 4 «s 
31134. p* 4*4 #sflH*(i08)2l 3*ll 4^14 43471] ft^£l*]4 ^14, 2000-S-iSf- oi*>, 4^^-7)1^ 
iooo*^s* °14, a.4 44^!47ll* 500-§-^s# 014s. 4s, 4*11 44^7]- oi^^oi^_ ig-^^^. ^ «. 
4 Sis ^H^O/f)* 4* =r SI 4. 

^13344 4£*ll(108a)* ^£ Al* 4444 ^44 4£*ll, 44^4^11^ Al n Ga ,_„ N(0<n<1)4 $ 

JL, ^l4^44 4£*ll(108b)^ 44^47)1^ Al p Ga N(0<p<1, n>p). In r Ga 1r N(0<r<1) *S] 2€ 44 

#, 3€ 444 4£*fl* ^4*1 ? J 4 S14. 

P 4 €2flH*-t- ^^7> ^-ioi p 4 4#4 #eflH*(i 08)o.s. 4^, «3 A J4 #7fl ft =^ 5Uai, 7-iftf-* ^14^-m 
^ SBi^, Vf» *14*1 « 4 S14. 

P* 4*4 #5I1H*(108)S1 ^3444 4£*ll4d08a)4 ^14444 4£3l4(i08b)3 pS 4** 4=3., 
4^ *S] -ir^* 3L7fl, 44 ft*S] ^£1- 471144. n* ^i4*4*(5)4 4ol, 4lu137> e ^13^ 

44 4£*114(i08a)£l p^ 1-^1- 3.711 4°i 441^7> 44 ^4^44 4£*ll4(i08b)S] p ^ 
4 4t11 t a £J g^ ( <y7ll34, Vf *4 714ai?j ^ $J4_ ^ 3 Bx]rCfli 7 ]-^44. bjjh7^ 
71- €■ ^13444 4£*H4(i08a)2l p^ ■ft** 47fl4°1 »&^ 7 -$ 44 ^4^44 ft£*114(i08b)2l 

p*§ 444 3?11 ft ^£ SI 4. 

^13344 4S.*ll4(108a)°ll 44^14 £^S44 1 xio is /cm" xfl3 1 xio 21 /cnf, a.4 4434711-b 1 xio 19 /erf 
t-M 5x10 20 / cn f i^^s. ^ft4. 1 x-io is /crf^ 4^-ft, ^14^44 4£.*ll4(i08b)42] 4°l7> 4°W, ?M 
oi ^E7> e #°i ^o] *|7l o]^* 44°] S14. aft, 1 xio 21 /erf ^.4 3ft, ^3*§oi 4^^]^ ^fto] 544 
4, ^4444 4£*H4(i08b)2l p ^ ^l]3ft44 4£*114(i08a)a.4 44 7 A°] ^s, 44^4^114 1 

/10 °14 44 ^o] 44. 7>4 443 ft^ fts^ 44ft 7H V °l*£7l- fe£ *o] ft^3 3 4,44^7]- |Jo>^ ^ 
3ft 44 4£*(l* o.5.4^ 1-oliLfe pH 1-^1-01 ftA fi «|.4_ 3^ ^ ^ p ^ i-^#o| ^ 4fta)^>ll^ 

1 XIO is /erf olftol4. ]£ft aJlH^S 4]i-137> e ^Il3ft41- 4£3l4(108aH p^ 4^1"* 2:? SftftS 

441371- 44 ^14344 4^*114(1 08b) 41 p^ 4^ft* 4°1 £ft4^ 34£ 447>3°14. 
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1- 5E^r 3€i 441:3 444 451*11 -f ^4*144. n4 *H24444(106H $l°H, ^12444 45i*ll4(106b)4 
v y^z\t}7\}^ In m Ga -,_„, N(0^m<1, m<k)±3. W^jL, 4*fl ^^l #4 44444 444?l7l 7>4 
v}%z\is}7)}^ GaN^-S. ^44. 444 7>4 4434 244 *)ll444 4E*ll4°-3. k7> 0.5°l44 In k Ga 
k N# 4442-, *H244t 451*)l4°-3.r: GaN4 244<*l ^"444. 

214, 47l *fll444 451*114(1063) Sife 44 7112441: 45l*fl4(106b) 4 ^H-E 443 44*11^ <?1^4 
444 «JrE^l4(i06a) 214 *)l2444 t>si*]l4(i06b)4°l *\3. 4 = 714 £o}£ ^4. 44*117} °J^4 % 
#43 43. 4=4*111441- a J:5l*ll4(106a) Sl^r *ll2444 «J-5i*ll4(106b)4 447ll #0.5. 344 44444 
3^4fc- ^4°t *H2441" 4:E*fl4(106b)(7lll44l: >LKE*ll4(106a))-§: *])1441: 4:E*A4(106a)(*ll24 
44 45:*fl4(i06b)3 44*1171- *\s. 4=4^ 5* 3344. 

°i)4t-4 ^11^4* 45L*1)4(106a)4 lnGaN°-3 4^4j1, *l)2441: 4E^4(106b)* GaN°-3. 4 A J4 734 , 
Gal\l4 4°)3 lnGa!\l43 44^7} «-^#°fl ^444 34£ ^3444 ££r 443°11 3*(l 4*4* ^3 

4444 443-2-3. tM*<>1 34 >£44-b 44 1^4 4 514. 4, ^^ajia 2^3 ^a> 7 > 
21 fe- ^4* 451*1144 IP^Hr 54 4°J4 3:4* £4 4 s 44. 0134 443., 3)44 ^43 44 451444 
4^3 4*r £4°11 £44, 471 4444°11 451444 1PJ44 314t143 sh* 2:34 4 44. 

It, 471 *Hl444 4E314(106a) SE^ 471 412444 451*11 4(1 06b) § 3451 4ii 443 34 4^3 2:^3 
o] oi^tt *fliz)4i- 4£^l4(i06a) sife *ll2444 4£*ll4(i06b)3 2^4 4* 4 44. 454 *11i44* 4 
5.^14(106a) Sife ^12^S>^ 451*11 4(1 06b)4 4=r7ll 4°.3 3444 44444 f 44 34<4 7112444 4 
51*114(1 06b) (411444 451*11 4(1 06 a ))4 44 *Hl444 451*1) 4(1 06s) (7112441" 451*11 4(1 06b)) 3 34 € 
±2\ 2l^v}7\ 43 4=4^ 54 3444. 

°IH-t-4, 4°J4 34 £±7} 4€- 44514, ^1^41" 4£*ll4(l06a) o l InGaN^-S 4 A J5]i ^l2^4# 

1>E^14(106b)7> GaN-2~5L 4 A J5]^ ^4, GaN* 4°H1 InGaN^Sl In 2:^* &§&i 7>4fl 44 

^4 -71^1714 444514 4°11 ^«11,"4^4 54 ^°J4 4^3. 4*4* ^4°fl 44^1^ 44^^S 

2^ ^47> Sl^ 44# 45L314# =r S3 4. 4, in 3i^°] 4^4°11 44 444 Si 4. 

£4 n4 ^ll24#4#(106)°fl S1<H A 1, ^11441- 45L^l4(106a) ^ ^112441: 45L^l4(106b)* 5L^ 45L^« 4 
51 n^ l-^lrc-l 5!^ ^ 4^^, £^ 44°fl #*#«>1 51^1 ^£ $14. #7)1 4^ 

44^17171 ^«I14^, "451^4 7>4 44^142., 44 ^11441- 45is)l4(i06a) ^ ^2441: 45i^4(i06b) 
4 44<Hl nS 444^1 5i^sl^ 42£^S°1 44^14^, a 444 44 £4 51^S4^ 4^<=14. 

n^ 444°1 471 4 s^El^ ^4, ^11444 45i^l4(i06a)2l n ^ 444 4514 *1l2444 451^4(1 
06b)^l n^ 444 451^ 4* 4 X54. ■■ 

n^ 444S.^, 44^4711^ Si, Ge, Sn, S*42-l IV4, VI4 4^4 4^4^. fi.4 4444711^- Si, Sn4 4444. 

•451^' 4^^ 21514-$-^ 4444 5144*1 Sfe 4^4 ^H4^ 5 AS, i»*4 4^4 444 451^14^3 
jf Ei 44°ll £H 44451 4 4 D <H14*r 45l^«>14aL 44. 4, 44i s\n *<a4fe 4444 4 ^fl^l 

4 444 45.^11 4«fl7> ^§71^ ^47} 44. 

SE4, ^11444 451^114(1063) ^/51^ ^12444 45.^1 4(1 06b) °11 n^ 4444 51^44 ^4, 444 4E-& 
5X10 21 /cnf o]^ t ^z]^}^ xio 20 / cn f °}is}3_ 2:^44. 5X10 21 /at Ji4 4^-4 444 S>£^l4Sl 4^ 
ajoi q-^u, *^oi ^*}«l-fe ^4. ^154 425l^S^ ^4°H51 44. 

t-144 n4 ^124444(106)^1 Sl<H^i *lh ^ ^12444 451^14^1 44^14 ioo4^sfl- <=14, 44^4t114 1 
04^S4 °14, a.4 44^14711^ 504i:S4 °14s. 44. 44 444 45L*)14°] 44^1* 1004^4 °14S. 
45:3^1, 444 451^11 44 4°1 4 A j 0 J4447ll °145l 4^11* ?Was, 4^4 44 «U4^ #4 4^ A J4 
4^ 444 45l^l7> 4 S14. 214, 47l 4^1 47114 2.4 704iS4°14s. 44, n4 *))24444(6H 
s^4(4#4) 42tS. 4^J°1 #4 444 42^1 ^°11 *4#* ^4^144. n4 ^l24444(6)°l 

Hi 2)44 44 444 4°i, 4^4°1 #7fl a^v*v ^ ^4. 

4 47-l^Efl 2 °11 S1<H4, 44 47}- 44 4^4(7)4 in 4 G a * i44^ 444 45.^, 44^4t11^ in a 
G3 Va N(0^a<1)lS. ^^sls, n^ 4 Sl^-4, ^51^(4^4 ^^l-^) 0 !! £}*H 

4514 Tj-4 44^1 "S^Ai 44 44S-1 4^14°1 4t11 £H 44^144. # A J4(7)^1 4444 5^§44 «1H 
4°1 44 s|3. 44 14 4 0.5eV 44 °14i*l4°-5. 444 4 S1A4, 4°1 44 47V4 5°14 

. 4^4°11 P ^ 4444 n^§ 444 5l4* 51444, 444 p^ 444 44 5.^94 *^4£l 44 4514 ^3. 
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p*§ *£#Sfr, Mg, Zn, Ca, Be ft 2] ^7l*S. EA4, II B4 ft^ft fttft *r SIjL. 4434711^ Mg, Ca ft* p 

3 ftftftiiL 44. 

Sift, 4ft4* ft^Rr ft ft* ft£31fti $a°H *^#ol ji^ES J£ft«fft- ^1 4^* 42} 45L*l)ft ft^ 
ft *e«HH *ft*2l ft £7} «J=^Jf e*Hft ftft* ft£7} 4ft ?H(44347ftft <?i£^) 4t^*}£S, 
*14*°1 *14« ^ 5U4. 

4ft, p4 fteflHftol p% ftftft* Al b Ga N(0<b<1)AI i^oj ^_o^ ^-aj^ jgjjL 

ft pft 4ft4 #2flH#S] BV^l^ °lft, 44347ll^r 1000ft:±:Sft ilft 44347llft 

500 lOOOftiHft °14°14. 4ft^7> ft7l ^^Hft, 4434t1I 44#3 0 l 44 Vf 7> *1444. 
4°«J4 #5flH#S] 3^jftAI b Ga !.„ N(0<b<lH4. 

5Eth 4ft 4ft2] ft^Hftft, ft7l 4#4ftS2l p 4 ^eflHftft al 3L«H ft^jft 4:£ 44^< :> 1l£ *4431, 4 
71 ftft 4ft2] ^sflJEft* ft7l nft 7lll4ft4ft(105)4 2:4ft.°3.ft ft^o] ft?l| ftftAl^J ^ $LiL, °j7llft4 

4 Vf* ft 5/4. °lsift sftft ^4*^21 *I4* 5WI47H 3:43 <U °K14, 4ft 4ft°l7l m«-H 

^112:^^01 4ft §11 ft T= a 4. 

ft7l 4ft 4*^1 #2fl;Eft2| p*§ *ft* 45.^ 1 xio is /of vflxl i xio 21 /erf, 4f-z| *>7flfe 5x10 ™ /cm" xfl*l 5 
xio 20 / Clrf , ^.4 4%-*l4>llft 5x10 19 /cnf ^fl 1 xio 20 / cn f°l4. ±-^7} <#7] <3£Mft, ^^^o] ^ p 

n 4°i ft 4* ^ 4. 

4ft, ft ftft*f eH 5tW*l, Mg Sftft pft GaN-^Hft(9)ft, ft* 1 ?! ft*. In, Al* ift4*l 4ft 2ft 
olf.^^14. a o v 7] p^^E^ojo] ln ^ Al* £444 *ft .2*1 ^^o] 71^1 =ft &3.Z.S. 443:471- #± 

€4. pft ^Hft(9)2l 4ft^ 0.001 ifl4 0.5/an, ftftftftTflfe 0.01 tfl*l 0.3/ffli, J2-4 ftft^ftTfl-cr 0.05 ^*1 0 
.2ia& ft4. 4^7} 0.001^4 §f°. ft, p^ GaAIN #eflHft4 ft7]3 0.3. ft42]7l 4=13 444 
7) =H^4. g=$ f 3^ £>^l-oi GaAIN #^H#2] a^Jol 4s. 2 ^ 4ftl: 0 J GaN ^^S*^. ajf^^l t^^ofl, 
Stcfls. a 0.5^m S.4 ^^Tfl 4^, 4°12] Jf-^g ft(misfit)°ll S]ft ^4 4ft°l p^ GaN ^S.#(9)°fl 

t^47l ^2 ^^^oi ^44^ 33=01 oJ4 a s^s^oi 4^17} Vf* ^4^1^ ^ V %J:*# %H^1 
4 ^ 5U4. Sft, p^ GaN€-^#(9)£l pS #*#°1 Mg p^ *^^1 ^^^7l ^14al, ^.^1 ^<H^1 
71 -8-0^1-4. M gOi t X10 18 /arf tfl^j -, xio 21 /erf, 4^-314711^ 5x10 19 /cnf ^^l 3x10 20 /cnf, ^4 4 

^47flfe- 1 xio 20 /cnf^£ol4. Mg *£7> «^l •g^l 0 !^ #-5r p^ 4°l ^^^171 -g-°l4:a Vff - ^14^1^ $a4. 

5£ft, n^4(12)^r n* ^^^(^^-i, p^4(11)^& Mg p^ GaN€-^S.#(9) °ll, 44 ^44. n^4(1 

2) ^ p^^-(11)Sl *H5-^r ft^Sl^l^ Sti ^ll"*^ n^4(12)^.^ W/AI, p44(11)^^r Ni/Au 4^-ft 

=^544. 

*t*\%n 3 

°14, £ 5» 424 0: l ^ *1<*ll 'ft ft -a^l^Efl 3* -S^ft4. 

a. ^pjsi -aAi^Efl 321 2)4-1 4^1 4:4^, £ 5011 q.^.^ 44 ^-o], c^n-s^ AV40101S. oi^^i 7 14(1) 4*1 
°11 w^*(202)-§- 7fl<aA]^A^ ^Im^ fti^l#(203), ^l2n# ft£^#( 2 04), ^l3n^ ft£3l 

#(205), # A J#(7), p^ #5flH#(108) ^ p^ ^^H*(208)ol 4^5. S^S|<H ^J44. cl^°l, ft ft^^Efl 3°11 
5U°-H, p# ^-^^#(208) ^ft2l 7H°1 ftftofe ^-^21 pft^-(10)ol S A JSlal, pft4 ^21 °J : ¥- < H1 ft^-g-21 p 
sflS 4-^(11)01 ^aj ^4 ^^42) ijHIHfoflA-l, ^2n^- ^4-t ft£^lf-(204)2] 5.ft^l ii#HlJI, #7] be 

♦^ft<Hlft nft^-(12)ol ^^^4. 

£ 5°ll 444 44 4°l, -S^eH 3 <hi 14s. ^j-c^ ^^-^4^- ^51^(202), ^lm^ ft 41- ft£.^]^(203), 

^2n4 ftft-t ft£^lf-(204), ^ »l3n^ ftftl" 45.^14(205)1- 4ft n% (230)4 p^ ft2flHf-(108) ^ p4 
•^^^#(208)1 4^ p4 ^^(240)* S.ftft4. 

°l74-l f ^t] £ 4Al^Efl si^fe p ^ sajE* ( 208)ol *\3. 4ft ^llftftft 4S^14(208a)4 ^l2ftftft 

ft£^14(208b)ol ^s. ^#ft ^^4 fta* A o > ? i 27 fl o] 4£^1^ ^ojs ft^2l ^hftftl- 4£^11 

4(208a)<=>l Inft S.44JI 5^2., £ ^hftftft ft£^14(208a)4 ^l2ftftl: ft£*114(208b) o l *\3. ^#ft i^4 
4*1 ftft°l ^31 ft^^ol 4s. p4 S-^S*(208)ft ^ A J4 =r Si4. °1-S°11 2lsfl ^4 T-S 
71- 44 4*2) lnGaN^.5. flft^^fe- ^4<*\]o\) m]^}o^ a ^aj^ ^3-^71- ai jl ^ p 44(10)4 4sft ^ ^ 
4^1 ft=^ Sift p4 ft^s*(208)<^l ^ A Jft 4 5i4. 
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24, 4H4H 4^44, £ *k*mn 3H &oh, p4 ^m4(208)4 h**4 °i4 & ih 444 hi44-i- 4 

£H4(208a)4 H2444 4:&H4(208b)4 o. £ *| oj^ 





Xll^SH: ti xKE^ v (208a) 




1 


in x Ga -,_ X N 


GaN 


2 


In x Ga n _ x N 


In y Ga 1 _ y N(x>y) 


3 


In x Ga 


Al z Ga Vz N(0<z<1) 



oH, 4 4*11^ 3 ofl °)o^ ( 4^44°l 44 ^tll^2>«- 4£H(8a)f- 14^471 3*ti In x Ga t x N4 4 

43 4H^ x<0.5S 4^5)2., Ji4 4^3) 47^ x <0.4, 3* 4434Hxr x<0.3°-3. 4344. 

24, 4 4*3 H SU*H-*l. €-«!S43 44*)lTr ^v\\7\ ^33^ wj-^ xi^oi ^0^71 ttfi^ofl, 443 4H 
4 O.ljtm °14, Ji4 4434H4 500A °14, 44347^ 200A °14^ 4344. 24, p^ 5^44 =f- 
^4^ Hi ^ H2444 42H43 4=^14 44 443 4H^ 100 A ol4, j±4 433-314^ 70A°l4, c]* 
4434H4 50A <>14S 4344. 7>4 4434H£r 10 tfl3 40AS] *#3- 4344. 

p & ^.bMe«(208)# 4 A J4*r Hi 3i H2444 42H4(208a, 208b)S] 44?ll* 100A °14^- 434-b 44, 
Hi 4 H2444 42H4(208a, 208b)3 44*ll7l- 100A a. 4 ^-§; ^-f, ^<yH4*]l J±4 d) ?^ 443H 
Bjift 3^ 2fe- 4344°l 4*3471 33 £.4* 34*144. £t!:, 4 4^H Hi 4 H24 

44 42H4(208a, 208b)4 3*12 144* °143 4H°l34, 4434H 10A <>145. 4344. 

24 4 4^4 H1344 42H4(208a)4 H2444 42H4(208b)3 3^2 <Hiz 44H Mg 43 p^ 

o] ^^(208)-§r 4H3 p^ 24 A 34 44^i 4 $14. 24, ^1 ^ H2444 42H4(208a, 

208b) p^ *-£4 4 2^3 4tt 34, 443 444 42H43 p«§ 444 ^r24 4 4 444 42H43 

4^4 424 nl:a«M 443 4H 4H(°14 4224°14:n. 4)44. 

°14 4°1, Hi ^ H2444 42H 4.(208a, 208b) 4 ft^Sl 1-^1- 4^4 «li3L4 0 i feH ^^^s.^, 

#£# *£4 i€- ^5] ^S)-t BjrSHf-H ^W^^l- *^9* T Slol, ^£7]- ^-^ 4* a3S]"i- 4£H 

4* 4£H# a.4 *H « SJ4. 44^i, HI ^ H2^4# 4£H4(208a, 208b)°l ^# 
€ 3H ^^4^3.^1 7M<H *£4 »1 ^ P ^ €^s#(208)3 ^1^* ^ 

SI 4. 44*1, ^^^Bfl 30] ^2>l- aV£H ^^4^- s^e^ ( 208)H^ A o v «t!r «££^£1 < ?14 0 1 

si ^^SH^i ^4^ o 0"* Si4. , 

£4, ^SH^ol A}^-£1^ ^ao^ ^sj.^ 4£H#H^ 1 X10 19 /erf tfl^l 5x10 21 /erf ^^2] p ^ l-^i-^ 
JE^*KZ 4-^- a Jr£H#^r 5X10 is /erf ifl^l 5x10 19 / cn f ^^<y 4 ^ A ]ofl ^-£^^4 3j- 

■& 4^1 p^ 44^!4H £.^44. 4HH*H cfl4 0 ^ 5x10 21 / cm " ^.4 ° 0 i=^ p t§ #^1-* ^ 

7>4^ ^^^^1 4«M ^itW *4^4 **H1 ^71 7> <H^tii e| ji, 5x10 is /ci)f ^4 4^- <#o| 

^s^ni-H ^7>e)^ ^-f , ?))e|^ ^£7> f-^-44 St4 4^44. 

2.4. 4 Sl^^, p^- ^-ajS#(208)H Sl<H^, H1^41: 4£H4(208a) ^ H2^41: 4£H4(208b) 

^ ^^t*s 4 ^ Sin p €2flH^(i08)4 -r SJ4. as) 4, 4 44^, in* S44^ 

Hi^4# 4£H4(208a)-i- 2|4^s. 4n, p^- 44(10)4 H1441- 4£H4(208a)H ^ A j44. °14 4 0 l 4 
<H, 4?l p€«is#(208)4 p44(10) 4°is] i«j ^ 4^*14 4 S14. 

4, H144I- 4£H4(208a)4 ln# 5.44^4 £tt H2444 4£H4(208b) a.4 in* 4°l i44HS, Hi 
441- 4£H4(208a)4 H244-& 4£H4(208b) a.4 44 ^H^* 4^4. 44^1, p^^-i: ^21 
4£tfl 44^1 HH^l S^4 H1444 4£H4(208a)3 7>44tfi 445] H^i^l ^flS) 4 c >ll- 4H 4 4 S^. 
— S, ^-ai ^4^14* 4H tT°i4. 

24, 4^1^H 3^1 444 4£H ±4H Sl^^l, 4^1 p^ #2fl2#4 Al x Ga N(o<x^i)^.s °1*<H4 44 
In y Ga !_ y N(0^y<l)^S. ol^^i f^-f 344 3L^4 4°14.47l p#ellH44 ^-444 4 4^1 4^1^ 
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4*3 t^I °14<?1 1004^4 °14, 4^3} S}?]]^ 704^4 o|§}- ( a.4 443471]^ 504^3=4 °14. 7} 
4 *>3*]*|4l£- 10 xfl^l 40-8-^Sl-ol4. 44*1, p#2fl54(108)5l ^2)4 ?2:SH p^g €5«544 ^§*J4 

■2.£*| 4^4 4 Si4. p*efl54(108)5l 4*ll 4*l)1r 1004^4 xfl^l 2^n >34 3-4 444«>7l|fr 5004^4 
v|*l 4^44. 471 ^3 45} 4444 ^#-2-^ #7] p#2fl54(108)4 #4 ?fleH 4^l4-2-£. 44 

4 4 Si jL 4*11355. *144 alaaj 4 ^a] 2) ^ ^4. 

£ <£^°ll 44 4*1 ^efl 4 £] 441: 4531 4,4^, £ 6 A4 4<4 p# ^^S*(208)«H] 5fl°H, *1|1 444 45*fl 
4(208a)4 *ll2 444 45*114(208b) *W °fl 2.*^44(208c)-§: *|*j*]4 ^ofl^ ^34 40I4 3 ol£| 
4*1 ^ 34 * o atb ^EflS °1^*14. o^H, 2.*3^*l-4(208c)4, *lll €44 45*11 4(208a)5l 2*j°ll*1 
^)2 €44 45*11 4(208b)5) 2*j4*l *1*1*1 44454 4?)l ^fll 2:*j* 44*14 *°14. 

*4, ^11 €44 45*11 4(208a)4 In x Ga Vx NS *}JiL ^2 €44 45*11 4(208b)4 GaN55. 44 €4, 2:*3 
€44(208c)4 £ 6B4 4°1 *)ll €44 45*H4(208aH €41r 4°11*1 ^2 €44 45*11 4(208b)°11 €4fe- ^ 
* 44°} 4*1) 4455 | n 5l ^w}( x )7l-^A^] 44^}^ 4°14. 

4 4*1 %N 2 <H] Si<H*1, 2*3 €44 (208c) 4 11 s ^ a 14 *1*1*1 4£.4^r 4°14 ^JL, 45*1 1= 6B 4 

2*3 °l €4353. #44 €5^ £4. 
°144 4°1 -?-*34 4*1 ^Efl 2S1 ^4-t 4531244 *lli €44 45*114(208a)4 3]2 €44 45*H4(208b) 

5] €7lH*1 2:Ajol l-<=i^4?ll ^44^1 ?*7l nfl^-ofl, %■$.] *j 41 45*1) 4(208a)4 ^12 ^41" 45. 

^14(208b)^l ^tIH *eli- «8-^l* ^ Si 4. °14 4^ 4^ 4e}» 4^1 t ^ SJ^ 44. 4 

3 44°] iL4 2j4 ^]1 44* 4£3l4(208a)4 ^l2 441: 4£^4(208b)* ^4^1*1 =r Si4. 4*4 ^1 4 
44 4£*l)4(208a)4 In x Ga ,. X N1 42- ^2 444 4£.^l4(208b)4 GaN^.S 4fe ^4, ^1 444 4£ 
^14(208a)4 ^2 444 4£^14(208b) 4 0 H ln£] 4^4 4^14 4 SXjl, 4^ a J4 4x4?]1 4 4 44. 

4^1^Bfl5 

°14, 4 Htfofl 44 4*1 5^1 444 a J-S*fl i4°il 44<H, a 2.^^ 44£<J1 £ 84 °144 0 i 4^44. 

4*1 ^Efl 5S] ^44 45.sfl 4:4^, £ 84 4°1 7l4(1)^i *\*\%-C\02), "tiS.^ GaN4(103), 4444 £4 
*fe n4 ?^It(4), <?i£.^ 44(305a), 444 S. 3 ? 444(305b) ^ •JiE^S 44(305c)Sl 34-^-S. cl4<H4 
n4 "111 4444(305), *)ll €44 4H^14(306a) ^ "112 444 45^11 4(305b)-2.S ^1^4 n4 "1)2 4444 
(306), 44 44 44^-a.si 4^4(7), "11 3 ^ "))4 444 4£*fl4°-£ °14 C H4 p4 444 #2)1^4(8) ^ P 4 
4°J4 #211^4(8), Mg5^4 p4 GaN ^-^^.4(9)°] 4*1^s ^24 4^4. ^4 n4 ^^S4(4)-?li 

n44(12), p4 GaN €-^^4(9)^1 °fl p44(11)°l 44 44. 

°^7l^, Aj A ] ^3 4 £5 | ^4^ oj^Ai, H^4(102), ols^g GaN4(103), n4 ^SjS4(4), n4 ^11 4 

444(305) 4 n4 ^2 4444(306)^11 51 n n 4 °J^(330)ol ^*j£| 2, p4 €^4(108) 5 p4 GaN ^-^S4 

OH 2l*ii p*- ^^oi ^j^4_ 

4 4*1 ^ til 5011 ojo^a-i, 714(1)4 44°H C4, R4 £4 A44 44^.5. 4^44°1°1, n 51^1 ^^^(MgAi 2 
O 4 )4 44 4<a*J 714 5-l°ll, SiC(6H, 4H, 3C4 i^ 1 -), Si, ZnO, GaAs, GaNf-2] 45^1 7144 444 4 SI 4. 

4 4*1 ^31 5°fl Si°i*1, v\*\^(102)-&, Ga d Al ,. d N(4 0< d <1)-^5. °1^4 444 45.*lloU, 4^-a]47fl 
^ Ai°l ^Til £44 4^*J°1 471*1 7fl4sl7l4, ^.4 44^4^1^ GaN^-S. °14° ; I4 ^5|4(2)cl4.- 

*H 314(102)5.1 44^1^, 0.002 i-fl^l 0.5 fan, 44^4t11^- 0.005 ^^1 0.2 w, ^.4 44^4^1^ 0.01 tfl^l 0.02 
^2] lgfls a^44. ^^14(102)51 4^4 471^4*14, 444 45^51 €^^Eli7> 7H*d£)3i, ^3)4(102) 
*J4£l4 444 45^51 ^*H 711444. 

Hl2l4(102)5] *J445.^, 200 Ml^l 900 "0*12., 44^4^1^ 400 Ml*l 800 °C ^^S. £^44. 44457} 471 
•^^H^ 44 44^ °1 sin, 471 44^*1 44^ (seed crystal)AS.*1 ^ ^ 4(1 02)^1 °11 *J4sl^ 444 45^ 
51 4^*i4 44*111 4 Si4. 

54, °14 44 7l4°ll*i A J4*l7l^ tf|5l^(io2)4, 714 44, *J44'Sf- 0 ll 44 ^4*115 4444. 
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£4, * -M3 -sg6fl 53 5fl33, 4^3 GaN4(103)4, 344rr ^-f °H n?J 444-§- 37^43 &S A 3434 4* 
4E}\fl4. 334(102)43 GaN4(1 03)4 34333 3^3 Gal\l4(103)3 4333 43l4t11 3s, 3£ 

3 GaN#(103)4°ll ^4334 n4 €-3^4(4)3 ^33:E $=4€4. 35.3 GalM#(103)3 4^314, O.OI^m 3 
43S, 4434?fl4 0.5/zm 3433, 23.4 Hl-^SMlfe 1 ;ffli3434. H)- ^7} 43 >S334 n ^ sehe^ (4) o1 

4 44 *34 #3 343^3 4 $m. £4 3^3 GaN4(103)3 4 433 444 *»1 4333 434 Xl2 2. 

444 S343 333 2444. " 

5E4, £43 ^Bfl 5 ofl ^33, n ^ *£-§-■§• Ifsfe n 4 ^3£#(4)4, n*i #444 3 XK) 18 /cm 3 o^J-, 4 
434*]^ 5 xio is /cm 3 oUJ-fij £444. 34 43 n*j 4444 #3 £34s, S #* n4 ^3^4 

43, Vf 3 33134* 343* 4 34. ^4 n4 ^3^4(4)3 n*J 444 4£7> 44 ^3^3 ojrjfcft £ 
£3 GalSl4(103)33 ^34, S4:E2l n 3 4444 #S 33^ 431&3 ^3^4 43:43 334 4 34. n 
4 -^3^4(4)3 n3 444 4^3 av*v^ tt333 434, ^3^4.5.3.43 7l^# S.44*r 431^ 5 xi 
0 21 /cm 3 ol<j.7> .8.434. 

n4 ^3^4(4)3 a^j*. In e AI f Ga ,. e . f N(0<e, 0<f, e+f<1)°-3 434 4 Sis, S 3^4^-3 4333 
&34, GaN, f43 0.2343 Al f Ga Nil 43 ^3 143 34 444 4£*ll43 <£337l 

34. n4 S-^S 4(4)3 44*ll^r *3 4333 n444 *^*H? *°1H.S. 0.1 t-H3 20 /on, 44343tt 

0.5 33 10 /an, £-4 44343-cr 1 ^113 5 jton34. 4 4^7} 43 3333 ^%*H- ^ fljL, 44^43 

Vf* 343 4 SI 4. 

Sti, n4 ^32=4(4)4 #efl n4 XH 4444(305)4 434 4^3. ^^4^ ^-f ^§4* =r 5£4. 

4*, ■& ^efl 5^1 jiolAi, n ^ ^D-i 4^pv^ ( 305)^, 7l*4°fl^1 -fli^ 4»(305a), S.^ ^4#(3 

05b), <?i£^ 4#(305c)Sl 3 #iLS ^£|<H 5J4. 

n4 X1 1 4*4#(305)* T«-S*fe 4#*, 44 ^^M14^ ^4^-Hl ^1^14 Sfe ^-f£ 

sa^l^:, 4#* £44°^ n4 X11 4*4#(305)^s. 4^ $n i^rt-^, 44*^ ^ ^^^4* 

44^m =r ^-451 7l^# 4^4. °14 4£r a4fe 4^1^, 4*# 4^1^. ^4* 
s. -a^^l ^14212] Jl45., 4444 4 4^4 471 Sl4» 4^4^ £1*1 4^384. 

<H7]^, n 4 X)1 4444(305)°11^ 47} 44(305a) ifl^l 4*(305c) <>lsl^l 44 4£r 4£ #4. £4 n4 Xli 4 
444(305)4 4 A j44 44s 51<H£, 4^4 4 0 1^ 4^ 44 4s #4. 

471 44(305a) tfl^l ^(305c)4 4 A j4fe 444 4i*fl4 In g Al h Ga N(0<g<1, 0<h<1)^.S. 

2 A J£1 444 4£^l* 444 4 SU, 44^! 4>Hfe GaN^-S. °l4°l^l i A J°l 444 4 SJ4. 2£4 *I11 4 
444(5)£l 444 s A jol 4 < a«fl£ 4°l*ll4 *4. 

n4 X1 1 4444(305)2! 4 4tI14 4*1 4^sl^ 44 4^4, 175 ^} 12000 4^S4°l5i, 443 4^ 100 
0 t^aI 10000 4^H4°l3i, a.4 4434X1^ 2000 Ml^l 6000 4^H4°14. Xli 4444(5)21 4 4^7} 471 
^^Hl SJ^4 Vf2l 21344 34^4°1 44^1^ 3°14i 44344. 

43 ^^13 °v ^11- 4^ xn 4444(5)3 4 4^113 44(305a), 444(305b), ^ 44(305c)3 4 4 
4^1* 343 234s, X1 1 4444(5)3 4 44*)]* 43 ^35. 44 33 44344. 

5E4, 4 -S3 ^Efl 5^, n a ^1 4^bi-^(305)4 434^ 44(305a), 444(305b) 4 4*(305c)3 4 4 4^1 
°fl 433^ 34 4334, 4 43°11 Si<H3 4 4 4313 4434 ^34 4343 3*11 343 4?J4 «4. 

(1) 3H 1 

4#(5a)3 4 4*11* 3000 4^S» 4s, 444 (5b) 3 3 4^1* 350 4i^4 °l 4s, 44(5c)3 4 4 
^1* 44s. 4433 led ib4* XI 44s, 4 £-4(4 4 4*!1H 444 34, 4443 3 33^4 434 43 
584. 

s 5. 9A 3 £ 9B°11 444 S14. . 

(2) ^2 
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44(5a)2l 4 4*1]* 3000 4^-f- 4^, 44(5c)2l 4 4*11* 50 4£S«- £3. 43, f=44(5b)2l 4 ^ 
1- 443 ^^1?J LED *1]443, A ±A(A 4 4*HH 444 #4, 44#^ % ^3H4 4^4 4^$ 

4. 

a 44b £ ioa H E iob°11 444 $14. 

(3) 3 

444(5b)2) EV 350 4^M-§- o. s 43, 44(5c)2l BJ- f-*f|» 50 *iSf 33. 43, 44(5a)2) 4 ^afl 

* 443 iflSM*l LED £4* ^443, 4 ^7>(4 4 4t)1H 444 #4, 44*3 3 ^34114 ^* 431S 

4. 

3 ^4-^ sha^ehbI 444 $14. 

4, £ -aiHH ^l^-tt led n4 $i 444421 4 44*11 ^44*? 3421- 4114 

2.333 *I14584. SE-ft, £ 9A vfl*l £ 11B°fl 444 lpj£-, ^ A |^ 344°] h) a>-§-*> 45H12] LED £43 

5S4. 4, £ 9A sow £ nB<i $H4, Pomfe 444*34 44MU, Vfb 444 444 4444. 

°143 ^3 71&3 3444 <a£jg 44(305a)2l 4 4*14 100 i-M 10000 44*147114 500 

Ml 4 8000 l-ilf, 34 4^" a )*l4l4 1000 Ml4 5000 4£34°l4. $i£4! 44(305a)4, £. 1 1 A 9i 3 11B4 
4°l, 5j- 4*11* *H*1 4^t| 4-3 3^*J1M 444*14, 10000 -S-iHf- 4?°IM vf7> ^4443, 44 <?!3 

^ 44(305a)2l 4 ^l-t tMl 4^ Vfe *|4444, 34M1421 ^i*>7> ?1*l7fl 33 100 4^3«- ^HH^r 
34MI42| 44°11 44^ *<§4^2l 447} 3711 £]4 $14. 

5E4, 44(5a)4, 344b n 4 €-^3^(4)21 33-8 *142l 7l]^4b 3} o S q*W7] 

ofl, <S) 7^0] o^^] nV A^>A l7l ^ ^o] 4^44. 

n*j 444 3^ 444(305b)2l 4 50 M|4 1000 4434711b 100 MH 500 ii£f, 34 4 

^-zj 150 ufl^l 400 ^Ifo]4. f-^^-ol ^^(305b)^r, ?fle|<H «M 

s^ofl wi^aj a?)] ^oi 2> ^ ^ ^^^1 <go_*| ^s}*]-^ ^^o] ojcK atb, £ 10A 

A nMI* 25 ^£4^1 SJ=7fl ^^#^21 2:=- 51^^, ^^(305b)Bl 

°14. 

JEtb £ 10A4 Sol, dV ^7)l7> 1000 *^S*-ir s4*H iPJ-'frsH 3.7]} ^rf. tHS, ^^i-fl-g-Di. 

a.^, £ 10B2]- Sol, #^#(508b)2] h]- ^7}- ^-f ^ ; §^^ < a-^r "SJl^H^:, ^ ^7> 50 *iSf ^l D J:-=il 

-Mfr 33H<a-3 ^i*>4 37ii sat).. 

tiS.^ A o v *(305c)Sl 4 f-^)^ 25 Ml^l .1000 iiSf, 25 ^^l 500 -S-^Sf-, a. 4 ti^z] 3}t]1 2 

5 vfl^l 15000 -g-iSf-clcf. Aj-71 o}£^ ^(305c)* ^11 4*4 =g«H 5E^ 7}% €"^*H <8 

¥^^^-21 f}-*H 37fl ^^4^14, 4*(305c)sl 4 ¥^14 25 -g-^sf - ^4°1l^fe ¥ A 4^*4 ^44 
^ ^% to l Si4. £4, £ 9A ^ £ 9B4 4°1, 4*(305c)2] 4 tM14 1000 i±sfi 2:44^ Vf7l- 4*4^ ^ 
^ Ml 4^^1444. 

°144 4°1, 4*(305a) ^A 4#(305c)Sl tij- ^1^, -*7]^ ^1 4*21 Bj- ^S] ifi-g^ <^§hj- 7 1 4i 
A 4 A J* ^443, £4 4#(305a), #4#(305b) ^ 4#(305c)* 244 ib.7>^o) rflgi ^oj*>ji 

4^47fl S] 3, ^4*^ ^ ^4^4°] 4x471) s]<H wiaaj fe^ ^ ^4 ^ Sl^, 4^1 ^14 

4 4^4^ 2l*fl i4 4±4 44«^4 ^4 ^ Sl3 4#3 4s]^ 44^: 4^4 3U4. 

a4, ^11 4444(305)21 4421 4 4^1* ^44, 44442) ^fl-ofl 21 *v 2-^2) ^s>^, led ± 
42] W4 44 21^1), 7K> 2j=ji*v ji^H- ^ 71 ^sfl aj^§l 2^ ^4. 4^°i 4 f-^51 ^Hl 4€- A J44 
, 471 ^^21 Bj- Jf-jfls. ^1*1 2:44 ^°11 2lsflAi, ^e||<^ Hiasn 4^4 444^ 4 43.4 ^4^144 ^4 4 
$14. 

471 *lll 44444 4 A J4¥ 4 42) 2^4 In g Al h Ga n h N(0<g <1, 0^h<1)-2.S. 1a]s|^ 2^°l?i * 
3, 4 42) 24°l ^ns. 4°l*l)£ 43, 44^)47))^ In ^ Al°l ^7)1 £f-4 ^°l3, 214 44347fc GaN 
o_^. o] -f-oi^ 4°14. 
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#7l X1 1 4*4*(305)2l 14!°] 544 44#(305b)2l !£!2l 5444 4*1 4^44 &44, 3 x 
10 is /cm 3 o]*j- t T3>^r^*>x|fe- 5X10 is/cm 3 <442] 451 ±444. n*§ 1414 444, 4*1 4434 S 
44, 444°l 4 SSL^l 34 &! ^53 444 5 xio 21 / cm 3 o]t}7} .9.444. Xli 44443 4443 14 
1- 457} 44 <g 3014, 44!33 444 Vf7> 443rr -n °H4 

n*g 1413.4! Si, Ge, Se, S, 043 4B4, 6B4 4^4! 4°1 4434:2, iL4 H>^*Wfe Si, Ge,S 

♦ 4444. 

54, 43 Xli 444*(305)3 3l4°ll SH4, 443 44 444 4 £43 44! Sfl44 4^ 44£ 444 

4-5.3 4444. 

44°i 4 44^3) 5°n SM4 ; n4 Xl2 4#-44(306)4, In! ^44! XH 44! 45X14 (306a) 4 4 Xli 4 
4! 45Xl4(306a)4 444 ^41 4! Xl2 441 45Xl4(306b)°l 344 444-° 3. °14<H44. 44 X]1 
441 45X)4(306a), 5! Xl2 444 45X)4(306b)43 445 443 4 44444! 443 4 4 

«*7>, 100 44, 5L4 443 47fl! 70 4^34 <>14, ji4 tl.4 4^-4*|4|fe- 50 4ilf °143- 44. 

o]S|. 7j-o) ( 4 Jf^-f. gfTfl 4! ^Jofl 6|«(| ( 44440I ^4 £157, 44442] 33 Ago] ^Tfl E] 7] nfl^ofl 

443! 444 si 4. 

»| 1 44! 45Xl4(306a) 5! *2 44! 45X)4(306b)3 445 443 4 ^]7> 100 44°H5, 
4 4^7} 44<y4 4 4*11443. 34 4^44 44 £U, a 4°11 4*4! X1 1 4 4! 45Xl4(306a), 5! XI 2 
44! 45X14(306b)3 4444 ^ E)ol, 4444 4*113 4444 <y=Ji^7ll 3 71 nflfcofl ^^o] tg=AV 

44. 

54, X1 1 441 45Xl4(306a) 4 Xl2 44! 45Xl4(306b)3 4 4?ll7} 2! 100 4i34 4444 44! 
45X1 4443 4^°j7fl b]- oi^s. sijl, ^^i^- dv^s. ^i)-, ^sl-i- tft£XlBi-(306a) ^ 

XI 2 tVSXl^OOeb) t flr^l 100 -g-^S* oj^oj ^^.^ v,}^^ ^^o) ^ ^z]}?} 

=r Si 4. 2&€r, Sm-fr 70 ^-iiS-f- 4^, n«r X)2 ^^(SOe)^ ?-2iS. £] JL, H 4 

#^*-ir ^^Al7l^ f n ^ Xl2 4#^*(306)°l tf|3l#4 ^ ^-§~§- ^, *Aj*o] ^4 l^^ol 
m\ A J^tt-^r Si 4. 

^- -a^l ^Efl 5°l] Sl°1^, n^- °j^(330)°11, A o v 7l n^- X)1 4^°v#(305)4 A o v 7l n# X)2 4# 5 n v f 1 (306)* 2:^4^, 
^^>zl, vf7> ^4^4. av 71 oifl-t 344^1^ ^14, X12 4#4*(306)^°11 A J^m 

5E4, Xl2 4#4*(306)51 ^71 X]1 ^41" 4E^4(306a) E^ ^l X]2 441" ^^4(306^ ^^S. 
4^o| Bj. ^)^ ( e^4fe X)1 44-t 4E^l4(306a) £fe Xl2 441- 4£X]4(306b) 4°H 45. tf°l*HH, * 
#4. 4^-44^11^, X)1 441: 4£X14(306a) £^ X]2 441 4£X14(306b) ^ ^c^ £ nv = 

^lfe, ^^4^- X1 1 44-t 4:£*ll4(306a) XI 2 441: 4£314(306b) 4°1°1) A ls 4°14 ^^l 4^444. 

4 ^^14 ^44^ % 4°H *\3- 4°14^, Xli 441 4£X14(306a) U A 42 441 4£X14(306b)l 4^* 
^^a]7J 4^4^ xi2 441 4£X|4(306b)(XH 441 4£X14(306a))^ 4 t*I14 a^l 

4°1°11 § X]1 441 4£X14(306a)(Xl2 441 4£^14(306b))^l 4^4 A is 4 0 14 ^J* £-1d144. 

°H# 1^, X1 1 441 4£.X14(306a)l InGaN^-S S}i, XI 2 441 4S.X14(306b)l GaN-2-5. 4^ 4-f , GaN 
*4 GaN*4S] 4 c »l 0 fl InGaNS] 4 ^fe, ^^Hl 44 ^7-]4, tJ=4^1^ 4°fl 3*11, 

4#4* Ml^-oll #4»°1 ^4471 nfl^°ll 44^j°5. ^4»°1 ^44fe 4 Si 4. 44 A i 44^^S. 

2:^444 441 4iXl#l ^ A J4^ 44 ^44 3:44 ^°144. 44 A i ^* 14 Efl°l^l ^44 4^ £44 
(waveguide)! SA1 4fe ^4°11 SJ°1 A 1^ 47l 4#4#°11 £44! ^^4^, all 0 1^4Sl SEf =r SJ 

4. 

£4, Xh 5^r Xl2 441 4£X14 4^21 34 4^21 S^ol, €44b Xli EE^ Xl2 44! y J-£^l 

43 ¥44 34 4^3 ^ a>o]<H1 a-is 4°14t14, SEfe ¥4515. #4. 4444^, 4i £^ A2 441 
X14 f^2l 443 34 44i2l s A ^l, 544b Xh Sb Xl2 44! 4£.*H43 ¥44 34 44i2l 2 A j 4 
oHi aj-o]^ ^oi 443144. 47I 4°144, Xh 44! *£^4 5Eb Xl2 44! 45X14! 4=r* ^ 
*a)4 4*4** ^4 ^4°ll, XI 2 44! 4£Xl4(Xh 441 45X14)21 34 €^21 2:^ai4 n41 4°H 
¥ Xh 441 45X14(^2 44! 45X14)21 34 4^2] s^wl 7} 43. 4°14 41 21^144. 

°11* 1^, 444 34 4^21 s4°l 4°147fl 34, Xli 44! 45X141 lnGaN^.5. 4n, Xl2 44! 45 
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X!4* GaN—S. 4* 34, GaN44 Gal\l*45l InGaN^l In 24* 444X1 ^4X1 44 33 #4*M 

4, 31* 3X3* Sl*L 4444 #4*<X €44*, ^3^ 24344 ^4* 45LX]** ^144 

4 Si 4. 4 In24°l 4^4* 3 XI 44 #44* 443X1 3* 34<X S14. 

-*7l n* Xl2 4444(306)*, £ 84 44, 444(7)4 =2. 44X1 Si* n* 44* 451X14X1, In 

* £44* Xll 34* *51Xl44 H ^i 34* #51X144 4°14 24* 4* Xl2 44* #51X14<X 34£ n 
& *fl 2 4444(306)4 43 S14. n* X]2 4444(306)Xl S1<X3, XH 34* a J"51X]4, Xl2 34* 4£*H4* 
44 3X51 1* <X4 *844ul, 4X1 2* °14, 4434^ 34 o)a^ ^ 4434^ 44 aj^s. 2 # °14 3 

44<X 4X1 4* <X4 5 o] 11444. 

n* X|2 4444(306)* 4444 <iX3 ^4£)fe ^£ f^)4 71-4 4434X1* *4*Xl 34<X *i43514 
44. *4 4X1 3 *M U 4 4* S °1 ^4 * 3 X 443 71 3 * 3 4<X SI 4. 

n* X)2 4444(306)X 444X1 34<H *84s)* 34, 44*51 a(±*(-f#*, 31* 4s?4)4 34* 4444 

* Xll 34* #51X14X4, X)2 «44 #51X145] Xi:3X<X51 n* XI 2 4444(306)3 34*3* 4*] 
*33 3 4*4. 314 £ 8X1* n* XI 2 4444(306)4 444(7)X1 34<H *I43<X 334 ZL n* X]2 44 

44(306)4 4444s] ami, 4* n*§ 44* 45=*|s <X^X3 44 4^ ^ #4. 

XH 44* #51X14* In* £44* 34* #£X), 4434X1* 3€ 44*3 | n k Ga ,_,< N(0 < k <1) ±3. 4 
jL. 4434X1* k4°l 0.5 °145] In k Ga n _ k N, 7>4 4434X1* k4<X 0.2 345] In k Ga , k N££ 4 
4. 44 Xl2 34* S>£X14€: Xh 44* S>£X144 s^^l 4°14 «£*IH<?I #jZ, Xl44fe 5^ 
4M4, X12 #5LXH- ^4^17171 ^sfl^^, X11 ^41: t>£Xla.4£ HHH^(band gap) 

^17> e 2€ 44* ££fe 3€ 441:51 In m Ga ,.„, N(0 ^ m<1, m < k)# ^4^5'U, 4^4>Bfe- GaN°l4. XI 
2 441 42.X11- GaN^s 4^, «^ol 4*4*°1 A J4* ^ 514. 44^4 s4^. XH 4 
£Xll- In k Ga n . k N(0 < k <1)il4l, XI 2 €41" 4£.^1# In m Ga n . m N(0 ^ m <1, m< k), 44^47flfe 
GaN^S. 4^ ^°14. £4 4434 S1H 51^^^^, 4£X14^I k4°l 0.5 <*14S] In k Ga N«>U 

, XI 2 *1 4# 4£X1 4* GaNSl 2:4°1 4. 

Xh % XI 2 ^4# 45.^14^ °<f4 ^S^silS, 44X1 n^ l-^l-ol 5^8 sMS, £^ S 44X1 4^1- 
ol £^S(^2 £^)£H£ #4. #X1 471 ^sB^i^, 44°! £5^8£ ^°1 7>4 443 4^, 44X1 £2 

£4 a 44X1 44 £*§3 £*W4. 5E4, 44X1 n^ 4^44 £^4t ^4, XH 444 4£Xl45l nil 444 
45L4 X12 444 *£X1421 n^ 4°l«fl5. 44. 

£4, X1 1 *34* *£Xl4 3L±r Xl2 44# «"£Xl45] 3 44X], n^ 4^«-^ 5.45)^ 3}* igaJE^o^ 

%i4s, °14 4^ £=£5^4 4^ ^Xl SH, 4^oi ig=4S|7l 4^4 ^4<>l 514. 

£4 n*§ 444^i^, Si, Ge, Se, Sn, S43 44, 64 4^Kr %°] 4434^, 4434X1^ Si, Sn 

4 4444. 

n*J 4**4 £^4^4, 44* 4£^ 5 xio 21 / C m 3 t>l*>, 4434X1^ 1 xio 20 /cm 3 0145. 2^44.5 
xi 0 21 /cm 3 iL4£ 40.^ 441: «^ A ^1 4HE7I1 s) I, ^^ol ^44^ ^0] 5J4. o]^ 

4 42.^§3 ^4Xl£ p>47>4°14. 

^ 4-^1 *§n 5X1 S1<H^, 4^ 44 4#^^°1 «^J4(7)4, In % Ga* JE44^r ^4* 4£X1, 4434X14 In a 
Ga N(0 <a <1)iLS n^, -X^ 3£ ^4, oj £ ^ ( 4^ ^.^ 7 »o.S. 4fc £lsfl 44 >fflH 

451 44* SjL. 444451 t^l4(half width) °1 4X1 44. 4^4(7)X1 n^ *** 4/a^ P ^ 4**4 i^<B 
£ #4. 4^4(7)X1 n^ **** £44^ £5^84 54 «1h^ >fflH^ 44 4H* 4*1 44X1 4 4 Si 4. * 
^4(7)X1 P ^ **** 5^4'S ^H4 445] 44£L4£ 4 o.5eV 44 X4i^i4ofl ^3. 44* °14*m 
4 Si34 4^14* «4. 4^4X1 p^ 4**4 n*§ 44* 44* S.^4^, ^44 P *§ 44*4 £44 4 
A j45i 44451* Ji4 3X1 4 4 Si 4. 4*1 P ^ 4*4* £^4 4^4* ^^4* 34, *445l £4^* Si 
451 n ^ 4**4 ^Xl* n^^s 4* 44344. «^^°1 4* 4^4* ^4^1?l7lXl* Sl^ 

°1 7>4 44344. 

4^4(7)5] 4^44 4*445] ^f^X^, 4*1 X14s)3 43^> 4*4X4i 344^. 4*4XlAi #47-14, 4 
*4X]^i 3443 4^4X1^-1 #47i4, 4^4X41 344n 4^4X)Ai #47-14, 2^ 4^4X41 344^ 4 
*4X4i #451 44. 4*451 4 f4|xi si "X^^- 100 4^S4 °14, 443 4X1* 70 4^S4 °14, a.4 44 
34X1* 50 4^2=4 oi4s. 2344. 4*45] 4 4*1] 5] 444 4*1 43^3 43^ 1€44 °14, 4434 
XI* 10 4^S4 0 l4°l4. 4*4°l 100 4^S4 i45i 4^14^, 43°1 4443 <X34 34°1 Si4. 
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44, 4^*3 4 ^Ml^- 2000 4^M4 443 4*1 ^- 500 -8-iS* °14, iL4 4434*1^ 300 
o]*>s 44. 4s?*3 4 ^is] aj.^ 4^34 &44 144* °14, 44-3 4*1 ^ 10 *isf oj-y- 
°!4. 4^*°l ^^H 5ti-°4 4434*1 #3°l 44371 <84. £4 4^*(7) 4*1)3 4 ^4 s.*l 7j|4sl 

*1 4*14, LED 243 <H4 2*j2l «fl 4^* 4 4**3 4 3*44 3*47<1* 2:^§H 4 A <3 

*(7)3 * Si" 4*11* 2^8 44. 

4 l^ll 5°1) p* *2fl.Ei*(8)4, ifflH^g °1M*l7> €■ *113 €4* 45.3144 ^3 44-1- 

alH^ oflui47l- 34 ^14 144 4£.*H4°] 3*34 pi *^£* -^H7> 4°147l4 £fe 444 4*4*, 
pi *£** i44fe Al b Ga N(0^b^1)°-S ol^-o^ 4°J*°l4. 

44, p* #2flH#(8)oi 4*442(^3442)* 4^ P 4 4*4 *eflH*3 ;g^Mi tfl^ o^> 4^44. 

p & t\-%uv #sflH*(17)3 4*4* 4^Hr *)|3, *l4 44* 4£*ll43 4 nMfe 100 °14, £-4 4 

434*l^r 70 *iSf oi4, 7 >4 4434*l£r 10 *-H3 40 *iEf2] 4 tMIs. 2*j32, *l3 44* 4£*H4 
4 Aa €4* 4£*1143 4 tMI^ *<ys)l:E 4°lsil£ #4. 4*4 423 4 4 ^71- 471 ^^°14, 44* 4 
s*ll 2] 4^°d*l 4 4*11 oi4^ nvo.^ ^447}^ ^44 h1j£4<^ 43^1 #4 444 4£.*11* 

^4*1« T Sl2, £ft 44* 4£*1)*3 43 A 8°1 #711 514 nfl*^ pi *£** ^71-4 ^-f oH ? llBlc»l ^ £7 > 5. 

a. 7|4»°1 4* p*°l ^^lai, 27>3 vf, °J*1 447} 7.-14471 4=1* 34°1 &4. °14 =8* 4 4*113 2*43 
** 4 4^-5. 43i 4 4*4** 1144. 232, P * 4*4 *2)1:e*(8)3 * 4 2,^4, 

a ^3 ^ *fl 4 44* 4£*1)43 4 4 47)1*234^ 3*sl4* 2:34^ ^°11 3*1) 144. p4 4*4 *5flH 
*(8)3 # 4 ^fr. 4«1 4^51^1 ^14, 2000 4iSf- °14, 44^14711^ 1000 -§-iSf <>14, S.4 44-2] 
4t!1^ 500 4^S# 014012., 4^1 7} 471 ig^°14 44#^°1 32, Vf7> 7-i444. 

^3 €41: 4£^114* Al* S44* 44* 4£^l, 4434^ Al n Ga N(0<n<1)t A d4*l7l^ 

4°l 5.451 aL, ^4 44* 4£*H4£ 44^47fl^ Al p Ga L P IM(0 <p < 1, n > p), In r Ga , r N(0 ^p <1)4 
4* 24 44*, 34 44*^1 44* 4£*fl» ^4^-l?fc ^°1 H444. p4 *2flH*(8)* 2.^7> ^ss 44, 
4^°1 #7fl si ji, ^i4*°l Vf7^ ^144^ ^*«>1 «4. 

p4 4*4 *2flH4(8)5.1 7^13 44* 4£^l44 ^4 44* 4S.^142l pi *^* 4°14^, 4* *2l * 
^* a.71147-14, °J* *21 *^4 4£* 4tH 44. n* *5flH*(i2)4 l^fls, 4H 4 
71- €• ^13 44* a Jr£^14 ^51 p ^ 4£* 37)1 4s 4H 3 °14i^7> 44 ^14 44* 4£^14sl pi * 
^* 4£* 4*1 4t14, 4434^ is. 44 0 j7l] 4^-, Vf** ^14^1« 4 SJ4. 54 4714 sjis. 
^5. #4. 4^- «1H ^ iM^l7l- 3. ^3 44^. 4£s|4oi p ^ z).^ «a h 7 fl iu-)^i7l- 44 ^11 

4 44* 4£*1143 pi *4* 4£* 3711 sfls #4. 

^13^4* 4^114°lisi 44^!4 £^44 1 xio is/ C m 3 tfl^i 1 x-m 21 / cm 3, ^.4 4444t11^ 1 xio n 

/Cm 3 tfl4 5 X10 20 / cm 3 tfo^S. 2:^44. 1 X10 18/ cm 3it}£ 21^- ^ °- ( ^Eflofl ^ 4 44-f- 4£^| 

44°1 *}7}$n slji. 44 1 e)1 °ll 5He1«H 4£7> ^ 401 ^01^71 5^37, ££4 1 xio 21 / cm 3 ^ 

4s. 44 ^4, *^ A J«>l 4«W^ 34°l S14. 44, ^444* 4£^ll4sl pi *4*4£fe- ^1344* 4£^4 
i4E 3 °.4 4444*1^ 1/10^14 ^4 4°l H444. 7>4 44^4*1^ ^£^44 7>4 ^l*^ ^4 
*°1 ^<H^14, 421 4^l7> 471 m*°ll ^344* 4£^l*°1144el 44^^ ^ pi *4*<^1 5612. 3 44 1 
xio 20 / cm 3 0147I- 442144. £4, 4H^(bandgap) "141*171- e ^344* 4£*H4°H pi *4** ^7fl £ 
^42, °H^147> 44 7^1444* 4SS114011 p ^ 44** 4711 £444 ^-f£ 1b|)^14. 

pl 44*5.^ Mg, Zn, Ca, Be *3 47l*S ^ 2A4, 2B4 4i* 4^42, 44^4*1^ Mg, Ca*4 pi 4* 
*s. 44. 

5E4, 4*4* 4^44 44* 4£^1*<H1 SJ^a-i, 444^1 3.^3, 44, 4^144°11 q)4 0: l 4E*11* 

^•^4 e4s] *4* 4£7> ai 444 €-421 *4* ^-£.7> 4711(44314711^- <a£3§)^ ^01 7141-4 7)4 
*1?14H1#4. 

44, p* *2flH*(8)°rpl *4** 444 Al b Ga i_ b N(0<b<i) 4°J*A5. °l^-«=>l4 ^4, p* 444 *3l 
H*(8)si 4^1^ 2000 44, 44^!47llfe- 1000 4^s4 »14°l2, Ji4 44^)4711^ 500 100 

4^H4 ig^MI 0 l4. 4 =^171- 471 S3 3 4 ^4, 4444*1 44*^°1 44^2, Vf7> ^4 44. p* 444 « 
2flH*(8)5l 2:^4 Al b Ga N(0<b<1)=>l4. 

£4, 4°J4*3 *HflH*4 47l 4*4 42£l p* *5flH*°ll al4^ 4^14 244 4^1*14, 471 ^1 4 
*4*(4)4Sl 24°11 5-1*11, 4^ A J°1 #711 A J4^l7l^ 4°1 7>442, <g?fl 44(threshold current) ^ Vf5| ^47} 
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44. S4, °14 4°l ^2441 flo^S. a 41- * 4 A 34 ^44* 3*11 ^43 ^*7-14* 3*11 

tfrjl. ci^-o) ^ojHVo] oj 7 ] «f|- ofl, ^ S ^3 4°144 S\2L 444* ^*°fl 44344. 

p* 444 #aflH*(8)3 p^S *** 1 -xio is 1 xio 21 /cm 3 443)4^ 5 X10 is ^} 5 

X10 20 / cm 3 , £4 44^47])^ 5 X10 19 4I4 1 X10 20 /cm 3 °14. **1" ^£.7> >8-7l «^°J 3-f p 

%^o] ^$J4. 

4*, £ 5°1] 4=4, Mg £^ p* GaN ^£*(9)4, a 2:^* In, Al* 4*4*1 4* 24 ^4*3 44 

fl; 4E*ll5. 44. aj-cfls | n> A |-§- 44411 4,0-4 p :34(11)3 ^(ohmic) ^*°l <a<H4 4 ^Tfl £]<4 
o] ^4^4. p* €-3]S*(9)3 4**i|* 0.001 ifl*l 0.5jtmi, 44347ll^r 0.1 Ml4 0.3/an, iL4 443)47^ 0 05 
tfl*l 0.2/ffli°l4. 4**II4 O.OOIjwn 4* p*§ GaAIN «-2fl:E*4 37l3-°-5. 444?] ^Tfl E| jl, ssjs 

%o_^ 4447I <^4. £tb, 3^ 44*3 GaAIN #eflH* 3£^«»1 <*°ltf 2€ 44*3 GaN ««|S *4 
3**M nfl^<4 StiflS. a 4*>llf- 0.5^45. 4^1 4^ 4^43 434i 3*11 44 44°1 P* GaN 
S *(9)f-4°fl "Si, =S^°1 *|44^ ^tol «J4. £tb, *3 4*^17} g£43°ll 44 Vf» 7-] 

*H?l2. 44 Jl** 4444* 34 7>444. 5E4 ZL p^ GaN *«|£ *(9)3 p ^ 4*-§-°l M g44 p*§ ^o] 
£444 ^3L, -£-3^*°l £444 ^?\] €4. Mg3 4£* 1 xio 18 ufl^l 1 xio 21 /cm 3 o]jL, 4444t1]^ 5 
xio is ifl*l 3 xio 20 /cm 3 , ^4 4434?,]:^ xio 20 /cm 3 ^ £o] 4. Mg^£7> n ^3°11 5a.°-4 f* p 

*§ Hj-O] £ o] 4 7} % J7, V f7> §>7ll 7^ 

£tb, n^^(12)^r n^- ^(4)^°fl; p^^ Mg£^ p^- GaN^H *(9)^<H1 AA %^*\ Si4. n^i^- ^ 

p^i^^l Sa^-Hfe- tt^^H i» »^ n^^* W/AI, p^^ Ni/Au* ^>-g-*>^ ^"1 7>^*>4 



im^ 6 , • 

4^". £ ^4 «:^4 ^^l^Efl 6 S1 ^S># Mi cflsfl ^'gttc)-. -ti^El 6 5] «J:£^ i7->^ n ^ 

65] Q8fe tV£^) 4i4^, 44°!^ (sapphire) 7l4(1)^°fl, GaN-5.S. AA^IZ), GaN*( 

3), Si GaN°-S. tf% ^-^S *(4), ^S^S GaN*(5), 4*4*(6), InGaN/GaNAS. °l^-<H4 4 

44 -f 1-t 1 2i *^#(7), p^ 4*4*(8), Mg ^% GaN°-S *(9) <=■] £*]rfl^. ^^s)^ 

^^4il, 47l 4*4#(6) ^ p^ 4*4#(8)* 443 44« 4£^l S/^^ %^?\ p 

^oflA-l ^-o]t!r *H -Sa] ^Efl 14 4S4 sc-^j. a. ^A]^Efl 6 5l ^Sl-l- t^^l^Hlfe- 4#4#(6) ^ p^ 4 
*4*(8)^.^4, ^}*§n 1 ^^l 5°fl4 4*4** 4*% v ^ SI 4. 

<H7H, £ 1^1^ n ^ ^4-t n^' 4*4** 1* ae|i p ^ ^Sl-l- ^5.^1^ p ^ 4*4*^- ^ ^ 

^142. 31^, n* ^ p ^ <3°H 44 4*4** 2*°1 A J- ^^14^ ^£ #4. i-^, 471 <a£3§ GaN 
*(5)*, 7l4*i4 ■as^ ^4* •CtSsfls. ^l^^l 4*, *£*ol £^£1-^ SJ^ ^4* t£^l^ al^M*! 
*3-*, S ^4* ^JEifls. ^]^^€ 4** ^-Htfls ^*4 < H <i l^ 0 14 4*4*^s. 4^, ^-**^, Vf 
^ 33N4°1 i4 44^4711 ^=4€ 4^ 5S4. 44 *«>1. n* ^^°11 2*3 n ^ 4*4*°1 SI* 2*3 n ^§ 
4*4*3 9l7}7\ p ^ 4*4*3 *^iL4 #44 #4. 

*<a, 4*4*°fl cfl4°1 ^i^tt4. 

^t-HI 6°fl 44, 4*4*(6)*, £^°1 4* 2** ^143 44* *5L*fl3. ^34 #n, 44^14 
2^4, Al z Ga Vz N(0<z<1)[^I11 €4* 4i^l4]4 In . Ga N(0<p<1)N2 ^4* 4£^4]43 2** 
^^14. 

^1 ^4* 4£^43 44^4 471 ^1 ^4* 4£^l4* 44^1* 44^)3 z^l 44^ "HI 44 4^ 
*7fl El ji, s.4 44447fl* z4°l 0* 44M1^ GaN^14. 

£4 ^2 44* *£^43 4434 £^4, 4?1 ^2 ^4* *£^I4* 44^* 44^3 p4°l 0.5*143 iri 
p Ga l p N, iL4 4434711^- p^l 0.1°143 In p Ga L P N °14. 

* 4 D J°ll SI4^, ^1 334* S!:£*)l44 Xl2 ^4* 1>£.^l443 4434 ^44, ^1 44* *£^4 c> l GaN 

o}JL, 42 ^4* •tirS^l^ 1 - 0 ! X^t 0.5°143 In x Ga ^N^J 2:4°14. 
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£4, 47] oj n ^ 4^El-^(6)^. f Xll ^SH: SKE*II4 S ^2 141 4.E3141 44 14 

°14 ^4-lL, tf*H 24 °14 34 °14, 44347)14 44 3°]£ 2* °14 344^1, 44^ 44 <>14 34 

4s, n>M^X|fe- 44 3^2 74 <>14 3*42., 14 * oitf aj^*>4. 

*ll 441 45^44 »| 2 141 SK£*I|44 3442] 444 4333 &34, eflt< 5004 °14°14. 5 
0041 2:444 3444 *14°1 ^i+^Tfl €s| ^^>7fl r£44 A J°l 33 344£r 5U4. 

4*4(6)* 4^44 4! 441 454143 44^14 #33*1 434 2* °142] a>£3]#°}. 

3<H£ 1 42] 4°J 141 4£.*ll42l 44*ll* 100 -g-^sfl- °14. 4434^ 70 fiif a.4 4434 

7fl 50 iiSf °1 *>S. 44. 

°14 *«1 4444(6)4 4*344 4! 141 45*1142] 44*1]* St 31 44 4°11 3*11, 4444°1 ±34 
42i£ sis, 4*4*21' ^3^1 #7fls]7i ^&°\] 443^34°1 «J4. 

n*j 4444(6)°1 *lli €4* 4£*ll44 *te 441- 45*11 4-°~§- f§£\^ 34, 3°l5 443 44*1]* 100 4 
o]^, 4^3 4^ 70 *i£f oi4, 7]^. 4^47]]^ 50 i-isf oi§>s tb4. 

^li 141 45*114 S *H2 141 45*1143 3°15 44°1 100 ^-±Sf °143 44*2.3. 34, 41 141' 
45*1144 44 4^71144*11 °14^ 3<H 13 °1 431 €4. 471 13^°1 7M€ 141 45*fl*£M 43 4 
A J°J7]14^1 °143 141 45*H* -343714 14 13^°1 7flAi€4. 43^43 xh 3? ^2 141 45*114 
o] %$s§ 0 ) 3 $34] ^j-su, 14^r 4444(6) 4^14 13^1 44€4. 47] 4*44(6)3 
3*1] 13 ^°1 443 341 3*1 ^43 444^ °1 44*4. 

*lli 141 45*14 * *I12 441- 4£^1421 44^14 44^1 44 2-4 100 4^s» oi§>, aq- 44^4^1 
fe- 70 4^s* °14, 7>4 44^14711^- 50 *iif °14°14. 

4444(6)4 4 A J4^ *h ^ ^2 441 4£^ev^ Wr^ 7 \ 44 2-4 100 4iS-f- °}z}3, s]4, 4°J ^ 
44 a Jr£^l 44^1 7> 4^^^44*11 0 14s. sis, 4^4 4-2.^- aiasM ^^^01 ^e)^ ^ 

44 4£^1 7V $ ^ 4= SI 4. 

£4, 4444(6)21 X1 1 ^ XI 2 444 45^1421 44 44^1* 70 4^S4 °14s. 44, 4444°1 s^4 
^-2:^ s\ <H ^7§-^oi ji, ^-7i ^^ajoi 4S ^l-i # A J44 A J47l7l^ n ^ 4444(6)^1 

Hi si 44 4*1 444°} 4711 4^44 A J47-1^ 4 $14. 

n*§ 4444(6)£l 44^11^, 4*1 4^ 4^14 25 Ml^l 10000 4£S4°U, 44^4t]1^ 25 5000 4i 
sf-°l3L, 14 44^47fl^ 25 ^fl^l 1000 4^s-f-oi4. 44^l7> 471 ^^°m, «^4°1 ^421 14 °i ^ 
444. 

n ^ 4444(6)4 *§^e|4 ^1^1^ 4*1 4=8^14 4 A J4(7)i ^4 0 } ^^S|<HH. 4^4(7)4 1*14^ % 
<%q°]E. fi, 44^47114 4444(6)°1 «^*(7)°11 ^4^ ^ A J^I«H44 44344. 

4444(6)^1 4^4(7)i °J^4^ 444^^1^ ^4, 4^4(7)2] ^s, 4<?1 444 4^44 ^44 n 
*J 4444(6)4 4^4fe- 441 4£^lls.^^, xii ^41 4H^4 °14£, ^2 444 42^14 °14H 44. °1 
2V 4°1 4444(6)4 4 A J4^ ^1 ^41 4£*I144 A2 ^41 4£^442l 344^i^ 4*1 4^£]^ 
4 4M4. ^11 ^41 •a-s.^HlT-l 344 Aizj-^ji ^1i 441 4£*1HH #45., ^1 441 4£^H1^1 3 
44 ^I44ii ^12 ^41 4£^H41 #4£i ^2 441 4£^H4i 344 ^144^ XH 441 4£^H4-1 #4 

£4 ^112 441 4£*IHH q%~ir XI2 441 453HH #4^ 44. 

£ I°fl7-i4 4444(6)4, 4^4(7)i ^4^ ^^sl^Sl^m, 4714 44 n*§ 4444(6)^1 4^4(7)4 
1<H*H ^^s)°l 7g^, n ^ 4^(6)4 4^4(7)421 ah°11, 4?- 441 4£^a 4°1 
sl<H^4£#4. 

4 ^T-i^Efl 6 <Hi ojo|Ai, 4444(6)4 4^4^ 4°J 141 42.^14, °fll 4^ ^ih ^ ^2 441 4£^4 
4, <?15^§5H S1<H£, 441«1 £^e|<H Sl°i£ #4. 

4 47-l^tfl 6i Si<4-4. •?i£^§4, 2i£2i e.^43 44 4^4 444 <il- 14 °J^4^ 441' 

4£*H4°1H 44°11 2]*ll €-°J£l°134 141S. 4 4^°fl^ <?i£^oi4 ^^4 4^-1 444, 44^1 si«j 4°Jsl 
°134 441S <?l*fl 141 4£^ 4^H1 ^a>^ £ i- ^^4. 
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n^§ 4444(6)1 444* ft°J 441 ftaX143, XH 441 fta34 gj X| 2 441 fta34°-S. 3434 3 
4, X1 1 3 Xl2 341 4aX]4* 44 a* <tia^33a #jL, 443 1413 a43°la #jL, aft 3^4 
ft4°11-413 a^33a#4. • 

X1 1 441 4aX)4 3? 3 2 441 4aX143 3 a 3 443 n*§ 1*14 a^4* 4 a^r 443 n<§ 1*1°1 
a433 434* 441 4aX14 AH 6)| ^£71- cfs. 3^ ^ £^o]e^ t}5L, fta a^4* 33 33 434 

44471 4=1*343 34. 

Xll 341 ftaX14 3 Xl2 441 ftaX143 <3^6| n *§ l-^o] £JgS?H oj^ ^-f, oj^g^ r^oj ^ 

1- fta343 1*1 *a7f 44a 433a #31, 44343* 4* 3°1 4^144. 

3331 #71) §>7] #3, 4a33 7 >^- Hj-=#a|S>al, 434* *HH 4a3 3* ftaa^, ZZ. 44-2.S 

434* 443 a33* ftaa^l 44444. 

aft, 31 441 fta*fl4 S XI 2 441 ftaXl43 443 nf 1*13 £^£)<H °}* 4a* <Ha 

43 &ft£ #4. 

n3 1*11 a34* 343 l£f- 4}*] 3.3 £*]tf f 5 x 10 21 /cm 3 o]^ 4^-2) fr •, x 10 

20 / cm 3 o)i} i 5 x 10 16 /cm 3 3. 2:444. 5 x 10 21 /cm 3 S.4E. 4 441 4aX)43 ^^o] 

443 °*as ^]S>*>^ ^H Si 4. o^* ^ ^oflc i§Eflo]4. 

* 433 Sft«H^. n3 1*1* Si, Ge, Sn, S *3 44, 64 4^1 434* 33 443 4^, 34 44343* S 
i, Snl 4444. 

4*, p3 4444(8)3 333 ^^4. 

* 43^83 63 44, 4444(8)*, a33 4* 3°la 244 343 441 ftaXls : ?434 #2., 

tb S^*, Ai x Ga ,_ x N(0< x <1)[Xl3_^£>lr ft5.^]4]4 In Ga n v N(0<y<1)[^l4 «J:i^]4]4S] 2 

#^2^°l4. 

*03 €S># HJr£^4£l 4^ ft a^€r, A oH ^3 ^41: ft£*(l4-i: 44^1^ 44^1^ x^o) 0 .5°14^ AI x Ga 
!_x N °14. xit«>l 0.5* ^444 ^ 5 8 J 9*1 445)<H 3§!](crack)ol ^7)7] 4=1* ^%H SJ4. 

aft, ^4 ftH^fl42l 4^ft a A j*, 47] X14 €4* fta^l4* 44^1^ 4433 y?H o(^l^)°J Ga 
N°14. yS* ^I^^14 S^^^l #* 4*4*°1 A d4sl7l 4^* ^%H 544. 

* 6°H SI<H4. 4*4*(8)* ^4fe ^4# fta^l^l 44^ft aft*, x)3 ^4# fta^l4°l 

0.5°142] AI x Ga n . x N <*1 H, XI 4 ^4* ftaX14°l GaN43 aft°14. 

aft, 47] a^ is p^ 4#4*(8)*, xi3 ^4# fta^l4 S XI 4 ftaxi4* 44 i# 

°14 ^ A J4s, fttH 2# °lft a^ 3* °14, 44^4711^ 44 ^ <H a 2%- °14 ^#4j1 ft4°1 4% °W 
ft 3°14. 

X)3 441- ftaxi44 XI 4 441 fta^!43 A% 4ft* 4*1 ft^*] ^44, 3444 4 Xla^34 ^44 A J 
2.B144 °lls. ioo4 °14°14. 

P^ 4444(8)51 444 rr, 43 ft3s|3 444 25 vfl4 10000 *iSf-oin, 444 4X1* 25 A*\ 5000 4^ 
mi-olJL, in} B^^jBi-xi* 25 ^3 10 oo *^si-o]4. 44^|7> ^j-71 ^^^Ift, 43 A H #ji ix>°i #^c>i ^1= 
444. 

aft * 4 T oMl °a°13, p^ 4444(8)* 43 ^33 44^1 3^3 44^1» 4X1 ^3434 ^43 Vf, 
°JX1 X443 13 XI 3* 34°1 Si 4. 

P^ 4444(8)4 444* ft^ 441 ftaxi43 443*, 43 ft33 * 3* 434, 24* 343 441 4 
a XI 43 33a i#^- 441 ftax)43 ft3 441 ftasH43 444* 100 4^H* 34. 44343^ 70 
*ilf 34, £4 44343^ 50 4±lf 34s ft4. 
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°14 Ik*] 4444(8)4 4 A 344 4°J 444 4£3l43 44*fl* SMI 44 3°H 3*ti, 4444°) 3,34 ' 
?2i ^H, 44444 «^°l #711^71 xflS-ofl # p ^ **** ^7>tt ^4 ?fl5H 4£7> 3j1 *n>-§-ol 44 p 

141 £<H*1jl. ±*M Vf 4 6 Jt11 444*1 ^^>7l 4=1* 34°1 $i4. S4, 7i^wl 44^14 44434 2 

* 4 5ii4. 

4444(841 all 3 ^4* 4£*1)44 >il4 flfl-fc 4^34 34, ^<^S 443 44*H« 100 4 

r^S* ol«J., «>%3|*|-7ll^ 70 4^S» o)§}- ( 7K> 4434t11* 50 *ilf <=143. 44. 

^)3 *I44 4^14 S ^14 ^44 4S4143 44°1 100 iilf °]43 444 44, 4°J ^44 

4513144 44 4^°j7fl447ll °14S 3<H 43°l #711 S4. 4?1 l^^o] 7 fl44 jjjj^ 4£*1143°11 4A1 4 
^<37)]SH^ o]§>5] ^S}^- HjrS^f- ^4 ^^l 7fl444. ^-7]S.^-B] % ^ 4 ^^f- 4:544 

°] $$40] 44*} %^ 0 VS]IL, 44^ 4444(8) ^^S] ^^^O] 44^4. A o V 7l p^ ^-#.^1-^(8)^ 

4*n a^^^i 443*? ^«a, #*** ^7>tb 34 711 ei^ ^£7> 3.n 44 P *§%-°) go^i 

4:43 Vf Si- °j7im^ol ^}Z}7] $14. E4. 3«H 44*14 <9* 4 SJ4. 

^3 44* 4£*l]4 *M]4 ^44 4£*043 Wft 44*11* 44 2.4 100 4^* ^SJ-, ^.4 443 -^tH 
^ 70 4^H4 °14, 7>4 44*1 4t11* 50 4=iS* ol4 6 l4. 

p^ 4444(8)* 4 A 34* ^13 4 7s)l4 44* 4£.*ll43 44*H7l- 44 £4 q0 o 4^H* °14£. 4^ ( 4°J ^ 
4* 45E*| 44*U4 4^7)144*11 °14^ $JL, 4^4 EVofl ^43^r ^44 «12.4<H o] 443^ *14 

4 4^*1)4^4*4 $14. 

S4, p*J i}*^^ m ^ ^14 ^S>1: «Jr£^l^-2| <$3t Bi-^l* 70 *ilf °]4S 4^, 4f-^#°l 4^4 
£M 33^1 * A o^7-i4, i7fs] vf £> ^l^w^ ^14471 ^711 S| 7] 4, 41NI*M1 ^HM 

?J4. 

P^ 4#b]-*(8)* ^^1^ ?F§£1*1 sts, *^#(7)°fl ^-9S|<HH. *^*(7)4 1^7^ 

sl^s. #3., 4^4^ P ^ 4*4#(8)*1 «-^#(7)i ^s-H ^ A ^^^l^?i 0 l 4^44. p^ 4*4#(8) 
0 1 * A J*(7H ^4^ f ^sl^H^l^ 4^47fl ^$7] ^4. 

P^ 4*4#(8)°1 ^^c?)^ "ii^H ^^sl^^l^ ^-f, *^#(7)s] 2|± f-°i -ff-f- £^ ^f^4 ^4^ p 
^ 4#4#(8)* ^4^ ^41- 4£.^l^, ^113 45.sfl4 oib|- £( ^ 4 ^^g. ^5.^14 ^4. o] 4 

p^ 4*4*(8)-i: ^4^ ^13 aJ4* 4£^44 ^14 €41- 4^^14421 ^**7,^ ^s] 4^s]^ 
4^4. ^13 ^41- 4^H1^1 a144ji ^3 ^4^- 4£^H^ #4^ ^ 3 hj-c^^a-i 
•i- a] 442. ^4 4£^H1^ ^14 ^41- 4£^HH ^#-4- ^442. >]]3 ^4# 4£^1H1^ #4^, 

£t ^4 2)41- 4£^H1^ 31^4. /-144J1 ^4 ^4^ 4£^1°1]^ #4^ #4. 

£ i°14i^, pS 4*4*(8)*, «-^%(7)i ^4°^ ^^^^Si^m, 4714 ^1, P ^ 4#4#(8)^1 *^*(7)4 
<^ SJtt #4. 

£th £ -a^-H 6°fl SJ^^i, ^3 ^41- 4£*H4 ^ ^14 ^41" 4£^14*, 44 s.^ 4£^S <Hi: % 44 

°11 p*J JeS^si ^j7, o^oj p ^ l-^l-ol £J§E)ol£ #4. 

P*J 4#4*(8)* 4^4^ ^13 ^ *\U ^4* «:£^144, 44 34^1 ^S^?! ^4, p^ 4444(8)3 44*11 

* o.i#m °14, 44347flir 700 4^s* o]4, a.4 44^4?ii^ 500 4^s.4 fl4s. 44. 44*ll7> o.-\ m a. 
4£ 4^4 ^4, *44°11 ^4(electron hole)ol 4°d^7l o]e\<% 44#^^ ^4471 4=14 ^4°1 &4. £4, 
44^)14 0.1^.4 s444, -as^^s-l 7^4^7> 47fl ^4°l &4. 

£1 ^3 * ^4 ^44 4£^)4S| <Hii 44°ll, p^ ^^l^ ^£ £^S4 44, 44#^ c, l 444^1 4=1 

4 ^4 6 1 Si 4. £4, H ;s S4^ .?1l&l < H 4£7)- ^4 p4<=l 44^4t11 ^^^71 ^4. 

£4, *I13 ^ ^14 ^44 45. ^143 44°11 p^ 4444 E^44 44°1 ^£^3^ ^44 bU^, 4 
£4 4t11 £M Vf7> 714^4. ^13 ^ ^4 444 4£^43 44°fl p^ 444* £^S4* ^4, °J^Rr ^44 
4£^14°11 444 4£7> 44£'4°a*H£ 4^14, 44 %°] 44^144. 

4 ^*]*§n 6^ $X^, p^ 4444(8)^1 p^ 4444 £^4* ^4, pS 4444 Mg, Zn, Cd, Be, Ca 43 2 
4 €£7> 44^42., a.4 44^4711^ Mg, Be* 4444. 
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P^f 4444 244fe" 44, 444 42fe 1 X 10 22 /cm 3 Ol*> ( 4^-3]§l-7llb 5 X 10 20 /cm 3 o] 24 4 

4. 1 x io 22 /cm 3 34 42444 4444 44431, 4444 444 si 4, p ^§ 4 

444 2444 444 44 4444 &44, 5 X 10 16 /cm 3 Oj^l-OjT}. 

444, £ 1°11 444 n4 4*44(6) ^ P 4 4*44(8)444 44 i442» 444^r 4*4 MI44 444 

44, 4 444 444 ft^E]^ o}^t}. 

44(1)4 C4. R4 2^r A44 44 5.5. 4^ 4444, 2^r ^4 v fl (spinel) (MgAI 2 0 4 )4 44 444 
SiC(6H, 4H, 3C» 24), Si, ZnO, GaAs, GaN44 ft£^)l 7144 444 4 Si 4. 

44*(2).2.5.4^r, Ga d Al n . d N(4 0<d <-\)±3- 4444 444 424431, 44444^r Al4 44 3.4^ 
^aJoj^s. £%s§e] 7 Hfto] 44431, iL4 44444^ GaN^-S 4444 *|<i)4(2)44. 

444(2)4 4444 0.002 MI4 0.5 /an, 44444^ 0.005 M)4 0.2 /an, £.4 4444-7fl3r 0.01 Ml 4 0.02 /on 4 

44s 2444. 44*(2)4 4447} 444444, 441: 4244 444M17} 44*(2)44 444 

*r 44-i 42*114 4444 7fl^^4. 

44*(2)4 44424 200 MI4 900 tc4j1, 44444^- 400 Ml 4 800 °C 44s 2444. 44427)- 471 
4444 #4 4444 21 31, 44 4144 444 (seed crystal) 2-5.*] 44*(2)44 444tt 441" 4244 
444* 4444 4 Si 4. 24, 44 44 4444 4444^ 44*(2)4 44 44, 444^44 44 444 
2 4444. 

424 GaN*(3)4, 444 4444 44*(2)Ji42 2.4, 4* #4 900°C M14 1100°C44 444431, in f ai 
g Ga T.f.g N(o^f, o^g, f+g<i)2S 44* 4 SIjL, n 244 44 4444 &44, 444444 GaN, g 44 
0.2444 ai Ga t NSL3. 44 44 444 44 44# 424*4 4444 <34. £4 444^ 44 444 
-a\ g*i4, ^4#^4£ 4, ^ 01 ^Aj-o] 4444 4 &4. 

Si £4 GaN2S 4444 n4 ^4S*(4)4, 424 GaN*(3)4 44 4 4, In f AI g Ga n f g N(0<f, 0<g, f+ 
g^i) 2.3. ^44 4 42, n 244 44 4444 444, 44444^ GaN, g 44 0.2444 ai q Ga , „ N2 
5. 44 44 444 44 444 424*4 4444 H4. 4441^ 44 4444 444, n4 44 4444 44 
4 4£4 1 /fln444 444s 44444 44' -2-444. 444 r>4 444 42^r 444 4244 4444 4 
444 ?*4r 42S j!4£ £44^ 44 -2-44^4, 1x10 "/cm 3«W,5 xio 21 /cm 3 444 44s. £ 
44^44-2-444. 

4E.4 GaN4(5)4, 444 44 44, In f AI g Ga ,. f . g N(0<f, 0<g, f+g<1)Al 4 431, ZL s44 4 

4 4444 444, 44444^ GaN, g44 0.2 444 AI g Ga n . g N, £4 f44 0.1 444 In f Ga ■, f N2.S. 
44 44 444 44 444 4^444 4444 44. 44 4£4 GaN44 4444^ 44 4«fl, 3i4£^ 4 
444 £444 n4 ^4^4(4)4 44 44 44 44 4444^ 44 44, 44 4444 44 nfl^°il, 4 
44 4444^ n4 4444(6)4 4444 44 44, n4 444444 444(7)4 44444 4444 |i 
4444 4J:44 44. 44 44, 4£4 444 4^44 4444 45.4 GaN4(3)44, 3i4£S. n4 44 
44 £44 444 4£4s. 4444 n4 ^4^4(4), 44 4£4 444 4£4s 4444 4£4 GaN4(5)4 
44431, 44 44 n4 4444(6)4 444 425. 44, LED4:44 4 444 Vf7> ^44 4 4=14 4% lo l 44 
. n4 4444(6)4 4£4 44 444 4£4 GaN4(5)4 444 4 44. 

24, 4 4444 64 4=4, 44 4£4 GaN4(5) 4444 54 44 44, 4£4 44(305a), n4 44 

1-4 £.44 ^44(305b), 4£4 44(305c)£5 4444.2S. 44 4£ 44. 

44 44(305a) M14 44(305c)4 4444 444 4£.4tt, In g AI h Ga t g h N(0<g< 1, 0<h< 1)^.5. S4 
4^44 244 444 4£^l4 441: 4 SU, 44444^ GaN^s °1444 2444 4444. 24 44 
444 444 244 444£ 4442 44Si4. 

44444 4444 44 4444 444, 175 M)4 12000 42J=443i, 44444^ 1000 Ml4 10000 4i 
S.4431, Ji4 44444^ 2000 Ml 4 6000 4^444. 44444 444 7> 44 44°l4 44444 Vf4 
4444 44M144 44°l 2244. 

44 444 44*H# 4^ 44444 444|^, 44(305a), 444(305b), 4 44(305c)4 4 4 444 444 
24431, 44444 4 4 44* 44 44s 4^ 44 4^ ^4. 
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4444* 4^4*? 44(305a), 444(305b), * 44(305c)3 4 4444 44 443rr 4* 444 

* 44 443^444 3*1 ±Ws-sH **MH 44* ^44 4444 zj-^tf) ^pjiH] 3.7]] 

rr 4 A J 4 4*1 4443, 4±= 243 44*fl4 3^43, 444 142| 444I4 T&Tflaj J2.3. i£444 444 #7fl 
yg°)S) 4 J f4|l- 4^43, c|-a] 4443 ^44 5]«fl 44*1)3 ig^f. 4^4jI 5S4. 

44443 444, 4 ;§4444 °J44 n]*l^l ^ ^-f s. 6.4, 444 2.444 4444°. 3. *Rr 44 

3*ti, 4*fla4 £4444 4x44^4 *44, ^-^sf ;§4444 ^t]| 

Sis^S 44(305a)3 4444 100 44 ioooo *iif, 44347^ 500 M)4 8000 ii£f, J3.4 44*14 
4fe 1000 44 5000 -S-ijefl-°l4. 4^4 44(305a)4 444* 44*1 4^4 44 44444 44444 10 
000 ^iSf 4-E-44 Vf7> -g-4443, 44 44*fl« 44 44 Vf-b 44444 44443 ^44 a.4 1 

00 -8-^ = * 4444* 44443 444 44 ^4:43 444 5L7fl ^44 Ji<?i4. 314, 44(305a)4 n 

^ 4£#4 £44* n4 #4£4(4)3 ^45] <34-§. 71144* 4^-3. ^434 44 ^1*4, 4444 4 
43* ^£3 44*1 44 443* 44 44*144. 

n3 4** £^3 444(305b)3 4*4* 50 44 1000 4£J=4, 44444* 100 Ml^l 500 4£S4, Ji4 
«4 7 4Wr 150 44 400 4^444. 47) 4**°] £4£ 444(305b)*, 444 4£* 4**1 44 44 
#^ofl ^3 fiTfi 444* 443, 44 44 ^§4444 t*^ 4444 44*44 444* ^44 5U4. 4 
4^71- 1000 4^S44 s444 44*§1* 444 34 0134 4^44 3.4 444* 444 S*4. 44, 44 
4(305b)3 44471- 444 4 44444 444 4*44 50 4^H4 4444 44443 447} 37]] 
444 SI 4. 

4£4 44(305c)3 4*4* 25 44 1000 4^H4, 44444* 25 Ml 4 500 4£S#, s.4 44*1 44* 25 
1-114 150 4^444. 471 <a:£4 44(305c)4, 41 4*43 44°l] 4^4°ll ^444 s.^ 44 S 
A J£)31 ¥4 44°ll 3.711 4^444 44(305c)S] 44^14 25 4^S4 4 D J-H41^ 44°1 #71-4^ ^40] oj4. 
SB 4, 44(305c)2l 44^l7> 1000 4^H44 ^444 Vf7> 444s ^4^14^ 444fe ^% to l S14. 

°14°1414 4°1, 44(305a) v-fl^l 44(305c)2) 4 44*114 443 44^13 ig^-ofl, i.4 4* ^44 4^ ±4 
s.aj<>|] ^J2-4ai ( 4a] §>f.(305a), ^?_>4(305b) ^ 44(305c)4 2:44 ^4, 3.^r 4;44^ 0 1 4^4711 s\ jl, 4 
«1 44#3 ^ ^^^44 4^4711 3^4 4 44^1* 4^4^ 4°11 3*11, 4i4 444^ 9* 4J:4 ^4^144 
^# 4 533. 443 4sl^ 444 4 A J4 4 XI 4. 

5E4, 44443 443 4 4*113 2:44, 44443 44°fl 34 * A 343 2^si ^44, 4^-, led ^} ^43 
4i=: 24°11 snq. 71-4 43:4 Jl4* ?i^4 3^*1 24^4. 4 43 4 4*113 24°11 4€- A j^4 44 ^^3 
4 4*1H41 ^4*1 244 4°11 3«11 4^4 4x4 4443 3? 4x4 ^4^144 ^4 4 SI4. 

44444 4^4^- 44 305a, 305b, 305c3 2^34, In m Al Ga ,.„,.„ N(0<m< 1, 0<n< 1)^.3. S43^ 2 
A J4 S144 43., 443 2^4 4^4^ 4°l«ll£. 4s, 4444t!1^ in ^ ai3 ^44 44 2^°l, iL4 444 
44^ GaN^s. 4444 44 44444. 

44 n*J 4^1- £^3 444(305b)3 n^ 4443 £^44, 44 4^34 444 3 x 10 ^ /cm 3 o}^ t 4 
44 44^ 5 x 10 is /cm 3 o)^st\ £444. nS 1-443 444 44 4^34 444- 44^4 443 
4 4£4 4fe- 4 £3 44^ 5 x 10 21 / cm 3 o^} ^.444. ^1 "44443 4443 44* *5.7> 44 ^ 
444, 44444 444^3 444 Vf7> 4444. 

n^ 44*^ Si, Ge, Se, S, 44 4S 44B4, 46B4 44444^ Si, Ge, SS. 44. 

5E4, 44443 444 5U444, 443 4 5 ^43 444 *H44 4^ ^4S. 443 44 444. 

44, 4^4(7)4 44^ In4 £444 4444 44# 4£*ll, 44444^ in , Ga , , N(o<j <1)4 2.444 
4444 4444 4^4^44 444^.^44 44 44^244 4^4. 

4^4(7)3 44^44 44444 4443 44444 #4£ 4s, 44444 444n 4^444 #4£ 4 
3, £tt 4^444 4443 41-444 #4£ fa, 44*4^ 44 4434 4^4. 4443 444^ 100 
4^S4 44, 44444fe 70 4is.4 44, ^-4 44444^ 50 4^S4 44s. 2444. 100 4^s4 a. 
4s 4444, 444 4434 44*- 444 S14. 44, 4443 44tt 300 4^4 44, 44444^ 250 
4^S4 44, 7>4 44444^ 200 4^S4 44a 2444. 
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44, Mg ^ GaNiia °}^o]^ p ^ s^e^ (9) ^ ( ^ 7] q ^ ^e|] | n f Al g Ga N(0^f, 0<g, f+g^1) 
±3. 4 Sli, =L S^^r 4*1 4^3*1 &*14, 44347^ GaN^S 44 1*H 34 ^44 SK£*J 

#ol 9i<H^)7l ^JL, £4 p4^*ll 3-4 4434^-1 ^^ol ^o]xl7) 34. 

HL4, 4 4^1 $H S n344 4*] 4^34 f^efl £44, efl* ^aHHI ^fl^ ^^o] 

44« 4 $14. 

°1 *H. 4 tt'Si 444 4^HH tflsfl -aif^itt, 4 t4°l 014^1 4*HH 0^4. 
<ta*H 1 

4*H 1*, z. 1^ TflAi^ a. 4* -^4331 1°11 44 4°14. 

^Wlf 44°H(C4).£al i M4 714(1)^- M0VPE3 4447H<1 *M$>JL, 127l| j}oj, 7]^S] 

4£* 1050°C4*1 444:4 71^2] 3.21^4 *34 ^ 444 7l ^(1 ) ^ o] C i£ %6\] i R 

4 A4£ 44.23. 4xr 44°l<4 a SH islKMgAI 2 0 4 )4 44 3 "43 71^ °]SH°\], SiC(6H, 4H, 3C* £ 
4), Si, ZnO, GaAs, GaN43 7l^# a}-^ ^ 524. 

(*H ^4(2)) 

a ^ri* 510 °C44 ^flelaL, ?M<>| 7}^^ ^ S 7^3.^ 4-E.1-144 T MG(Se] ^ll7>e] -§-)-§- Al~§-4 

<4 71^(1 )-y-ofl GaN.2.3. °l^-<>|4 ^214(202)4 4 200 *iSf£| 4 ^ s aj^^. ^7] aj^aI 
4 »l 2] 4(2)4 7l#°l ^#3541 444 ^44 4 5$ 4. 

(^l2^3|#(3)) 

«l 3] 4(2) ^ 4 4, TMG4* 1050°C44 444 44. 

1050°C°11a-|, ^ = 7}->i5.a-1 TMG, °J-2.M44^*4-§-4 < H 44 QS.^ GaNAS. cl^-^^l ^2 «^ir(3 

)4 ljum 5.) SHMlS. Aj^- A jg4 tf|n]#^- p]^ ^^-a]^ ^)-| s|#(2)iL4£ 24, ^lS 900t: i-M 1100°C 
°114 444^2, In x Al y Ga ^.y N(0<X, 0<Y, X+Y<1)°.3. f^f^ =L 4*1 4^34 

4, 44^471]^ GaN, X&°] 0.2°14S] Al x Ga , x 44 14°1 ^^ ^41: 4£^]#<>1 ^<>|^7l ^ 

4. 24 4*1 4^sl^l #3-, Ta\3\% iL4£ ^^1* 4°-S A J4^m^ Si^dl, f-* 0.1 /an^l-^sl 4^1 

3, ^4*14^214. 

(n4 ^-^^#(4)) 

a ^, 1050°C<HlAi, 4S.7>±:S.Ai TMG, 42.^44^:, l"^l-7>±:S.Ai Al ^( S j| ane )7l-^1- A>^-§>o^ ^oj^j. ^ o. 

a, Si* 3 x 10 19 /cm 3 ;£3§t!: GaNiL £ ^l^^i n ^ a^Ef| 3 m $ aj^-aI^c).. Aj- 7 ] n ^ 

#(4)S. ^12 Bl3l*(3)4 4* ^Efl, In x Al Y Ga i_ X - Y N(0^X, O^Y, X+Y^1)°.5. ^JIt Sin, 3. ^ 
si 4^£|4 SM^, §>tii ^. GaN, x4°l o.2=-14si Al x Ga t x N^.S 44 4^ 44°1 ^4 4£^1 

#ol oj^^^ ^ nv-^l^ tK§jq*| ^^ §fe ^ol oj 7l ^^0^ n ^ol^ q-^s. AJ^- 

^?1tt ^°1 ^.444. £4 n^ 1-44 ^s.^ 44# 4£^|si 4 3^4 44^-1 ?1^1 4^ ^^^l 4£, 1 x 10 ™ 
/cm 3 o1aj. ( 5 x io 2i /cm 3 o^o) ^ 5.^*>fe ^ol ^.^cf. 

(^113 Hi 5) #(5)) 

44°11 ^147>i^l-i: ^^Jl, 1050'CiA^ jQ-g- ^Efls. GaN^-S. z\)3 ^214(5)4 100 

4 ^S. ^4^-1^4. 471 ^113 «1^#(5)£ In X AI Y Ga ^x-y N(0<X, 0<Y, X+Y<1)^-S. 4 SJ31, n 

2:44 4*1 4^51*1 4^14, 442)4711^- GaN, X4°l 0.2°14S] Al x Ga t x N, £4 Y4°l 0.1 °143 In y Ga 
,. Y 44 4^ 44°1 ^4 ^44 4£^i#oi ^01^71 34. Aj- 7 i Ga N44 A J4^l7l^ ?4°11 S)«B, 
s#£.S 4444 5.44 n4 #«jS#(4)4«H 4^44 ^4^1 4e|, 4313 4^°1 44=) 71 nfl 

44°fl ^4-^171^ ^44 4£*H# 4 44 ?1 71 ^tI] ^.4. 0}% go], oj^ aj. £ ^]^o_^ °l^-<H*i 

Afl2 »l2l#(3)AVoi) ( jl#£5. n^ 4444 £^S4 ^44 4£ SflS o^o^ n # s^s #.( 4)( rf^ofl oj £ 3§ 

4 4£^(n4 4444£ lt)S <^14^4 7H3 ^2)4(5)4 ^44 34 44, LED ^4-Hl 4 ^4 Vf7> Aj 
4^71 34 34°1 S14. £4 n4 4444(6)4 4S.444 ^3 al^#( 5 )4 ^44 4 44 

(n4 4444(6)) 
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4-8", 800TCS 4i, TMG, TMI, 42-M4* 4444 In 003 Ga 097 N±S. ^1 444 

4£^144 25 l±If 444^1 jL. H * 44^1 ?1 2, a 4°fl GaU±3. °1^4 ^2 444 4.E3144 2 

5 iilf 4 4*1 S 4. 3.^2 #71 24* 444j1, 41 + ^2 21 SLt^S. 10**1 3*4 2:34 o) 

n* 4*4* 500 -g-^Sf-21 5V ^4-M^4. 

(*4*(7)) 

4-i", tlS.^ GaN.°.£. <>l-f-«H^ 4^*4 200 ^f2] 4444:2, 3. 800°CS. *>jL, TMG, 

TMI, ° D 1 -£'u|4* 444<H 4£4 In 04 Ga 06 Nil 0 14<H4 44*4 30-8-££*3 4¥4S 444?*4. a el 

3, 4<3 + -f 4 + 4*3 + -f 1- + 4^3 &*\3. 4^*4 5#, 4 4* JitJS 3 #4n, $ SV ^f- 112 

0 *^Bf2l 4* 44 44425.4 *4*(7)4 ^#484. «-^#(7)^r 43*44 aj f^ltf, 3*£4fe 4 

3 4**r-2. -f4*°fl4 ^451 #31, £4 44*43 3*4^ 43**114 §45. #3., 43*^3 3^4 

2 -M*^ #45. <4 3*£4fe J**l 4*))33 444. 44*3 3 ^i=. 10 o °14, 411-33- 
Tflfe- 70 -S-^sf - °14, fi.4 44347)]-cr so °143. 23584. 100 j±4£ 4 #3°l 9 

#3-71 <H34 ^4°l 514. tt4, 43*3 ^-711^ 300 -g-iS* °14, 4434^ 250 °14, 4# 44 

3 4^4 200 -S-^s?- c»14s 23S84. 
(p* 4*4*(8)) 

4-s-, TMG, TMA, 4-2-34, Cp2Mg(345.€43i , d 4^- L 11^)# Mg* 5 xio 19 / cm 3 i^tt pll 

Al 005 Ga 095 NiLS. °l-*p°13 ^13 444 <fl-£*ll44 2 5 4^£l-3 4 445 ^43?1 jl, a * Cp2Mg, TMA 
1- 334:2. HS.^ GalM°.5 € *|4 444 4£^14# 25 4^5*3 4 tMIS ^44^4. aelol #7] 244 

4443, ^13 + ^14 ^35 aflls 4*3 3*4 2.3 45 € P * 4*4*(8)4 200 4^m-§-3 4 =315. 443 

(p* ^35#(9)) 

H ^ , 1050°C<H14, TMG, 42-34, Cp2Mg4 4-§-4<4 Mg* 1 xio 20 / cm 3 p ^ G aN-2.5. £ 

S#(208)# 700 -S-^Sf-S] 4 ^IIS. ^4^-1^4. p^ ^M^(208)£ In x Al Y Ga , x Y N(0<X, 0^Y, X+Y 

<1) 2.3. ^€ ^ 3XJL, =l £^^r 4*1 4^=14 SM4, 4444711^ GaN^s 4^ ^ 21 ^ 4 
H^^o] <£o^]7i ^oL, 5£4 P 44 7)1^.4 4444 ^ ^^471 ^4. 

4-S- #S ^, 4^44 4^3, £4 4^ *^7l4°fl, ^°l3] (wafer)* 4-§~§-4 x4)ofl4, 700°C°flAi 

annealing)* p*J** ^1^- ^ x-1 ^-St-tlrc)-. 

44^^, *0«>13<I# 4-S-47H14 ^1443.. 34*3 p ^ 3.^ s ^ (9) s ^<>]] ^ ^av^ 4^.3.^. tg^^ R1E( 
44 A J °H^)4^H p4 ^S#4°fl4 ^1^* <9*M £ 14 n4 ^^S#(4)3 a^* ^#^^4. 

^14^ . 34*°fl SJ^r p^- nT- 200 ^aes^ Ni 5l- Au* i44^ ^4 A J P 44(10) 

4, 47l P 44(10)4°11 ^4-§- Au^ 4 p ^H(pad)44(H)-i- o.5jwn si 4 ~v$3. f ^SJ4. 

44, °H4°ll -si sfl n 4 ^^m#(4)3 S4°fl^ w4 Al* 444^ n44(i2)# ^44°1 led^4s SS4 



471 LED^4^ ^4444 20mAi4, 520nm51 ^^-^44* 44vfl3, Vf^- 4*1 3.2V°H. #2fl 4^ 44 4 
443:2.1 LED^44 Hl5L4<^ Vfe 7^ °1 0.8V 4^ #^^r 2^ 0I4V ^^4 i0mA°114 ^^21 LED^4 

4 7-13 ^1-4 444 44 LED71- ^<H^4. 

4 44 £ iH 4^4, n4 4*4*4 4^44 ^2 444 4£*)144 GaN^S ^4^44, 44 in x Al Y Ga i_ x 
_ Y N(0<X, 0<Y, X+Y<1), 44447114 In 24°1 ^11 444 4£*)liL4:E 44 InGaN^-S. ?-44 4 44. £ 
4, p4 44444 4 A J44 ^4 444 4£^l44 GaN^ 44^44, 4* In x Al Y Ga , x Y N(0<X, 0<Y, 
X+Y<1), 4444^1^ *113 444 45.^ia.4£ Al 2:4°1 44 AiGaN -2.5. ^44 4 SJ4. 

44, LED4i43 4 A J4, GaN^-S 4 *)]1 ^^^AVoil GaN^-S 4 A2 "1^4, Si£^ GaN^-S. 4 n4 

^Sf, 44^1 14 4°J4 44 44 44425. 4 444, 44 Mg £^ Al 0 1 Ga 09 N4, Mg £.4 GaN^-5. 
ol-f-44 p4 ^s*4 ^4^S. 2j*4 4°l4. 

2 
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-a^H 2t, £ 24 LED±*W Stt #7] -S^HS] LED^4*r, -,ofl ojo^ ;*f| 3 ^5|^( 5) .j. aj 

aft p«r ^f^W* M^f^S «H &jL, Mg* 5 xi o 19 /cm 3 ^a^J p 4 A l 01 Ga 09 
N#°-S € p«f #5flH*(108)* 200 4 -S^l^ 5 a]<4 4aH 14 44 LED&A 

♦ >ll2SaL, 4£r 20mA°M Vf 3.3V3. 42.^ 4* 44^3-, 1.8*1] °ltf.2.3. ^J-JK4. 

Aim 3 

a^H 1°^, n4 4*^(6)* ^tftt^-f, *ll2 4S}«- 44* Si* 1 xio « /cm 3 £^§4 GaN^LS. SS 

4. SEtb. p*f 4# B 1 V ## 4*1 Mg# 5 xio ™ /cm 3 i^S Al 01 Ga 09 N#°-£ °14°i 

*i p«r #2flH*(108)4 200 *±m.*°.3. Aj^-Al^ ^-o. ^EflS. §H LED £4* *)14*M, -Jl^H 24 7] 4 4^ 
«: ?Hr LED£4» £&4. 

4 

-*l*H 1°M. n4 4*4^(6)* AJ4tt ^ ^ 44^ 4]=*))4-§-, S i» 1 xio is / cm 3 1=^4 , n Q03 Ga ogy 
2-S. JSjL, ^2 ^4* "4E*l]4*, Si* 5 X10 ™ / cm 3 ^ 4 GaN 5^4 jc*v, p 4 44444 
4*1 QJL, Mg» 5 xio 19 /cm 3 £^4 p 4 Al 01 Ga og o^^*! p4 felEf(l 08)^.3. «H ^ 

e)|^., LED 4:4* 20mA°1]Ai Vf 3.4V, #3£ 4^4 Hla*H i.5«B oUJ\£.£ *4^4. 

<a*H 5 

4H<1 1<HH. ^3 ^#(5)-§: 3^171*1 p4 4#4#(8)-§: WsHr *)l4 ^S># St^l^Hl Mg-S 1 

X10 19 /cm 3 p ^ GaN#* 4£ ^efls. 4 LED 4i4# ^l^H. ^aH 14 7l°] -§--§-4 4 A J4 
LEDi47l- <£H44. 

4AH 6 

€ *il3 *J4# SKE*^* 25 iiSf, GaN £S £ *]]4 4S]"1 «V£^bv* 25 ^iSfil 44 24 

4? 115. 3# §H # 4 100 •S-iSf-AS *H 7 E V * ^EflS LEDi4» ^^«M. 45]- 7i3 

^ * LEDiL47l- ^^1^4. 

^a]^1 7 

^Aim ToflA^, n ^ 4&4& (6) ^- a^v a1?1 ^ o. ( , n oq3 Ga og7 N _o^ £ ^ qgfc ^^^50 

1- ^-e- 01 ! GaN^ € ^2 ^^-1- 25 ^^1^4. a ^ ( oii^ )n Q03 G 

a o, 97 45 -g-^Sl- a^i-aI^ji, a * GaN#-ir 25-S-^Hf - ^^1^1 jL, 4*°fl 'tii^S In 00 3 Ga 09 

7 N** 40 ^ae* Aj>g.A]^4. ol 4 ^ ^1-, «J-£^144^ 5 iiSf^ a=7fl 4H, 5 

Al^, *l] 1 #4 *ll2 *4» 10f^ ^#Al^l ^4 42:3. ^ n ^ 4^4# ^| 525 -§-^Sl-^ 4 

^^1^4. 

«r€. ^Al^i 1 4 ^IJ^i, p^- 4^4f, (8) ^ aj^-aI^I Mg» 5 xio ia /cm 3 i^^V p ^ A l 005 Ga 095 N 
fl£ ol-f-^ »13 ^41- 40 4 4^)5. ^4a1?1j1, 4-§-°fl GaN°.s'^ ^14 ^4 

1- 4£^|E|-# 25 -g-^Sfl-S] 4 ^4S. AJ4Al?lal, 4-S-i Mg* ^ £^Stb p^ Al 005 Ga 095 35 -g-^ 

Sf, "flt^ GaN* 25 -§-iS-f: aJ4a1^4. o]4 44^- ^n^|Bj- D j.|. 5 ^aes ^ 4^, 2 o 

^•^Sfl- 4^1 a^4a17]ji, xil 3#4 ^14*4* aifls. 5**) 3*a)4 ^442:5. 4 P 4 4f^M- tM] 275 4i 
44^5. aj S 4_ 

^Aim 14 4^ ^Efls] led^4» "Sfe ^a]^i is] 44 7^°i ^4 4Aj^. 4^ dL47> ^<^44. -S- 
-SAHoflAi, n 4 4*^(6)* 4 A ^4^ xili 4£.^^s] bj- 4^* ^43. $j^4, 7H2 S>i^4s] 
4 4t)]s. ^^40^ ^°J4 ^Efls] s47> ^^^4. £ft p^- ^^(S)* 4^*fe xii 3 ;fl4-i- 4c s)1 4 1? j : tf| ^ 
^1* ^^4H $1*1 ^ ^4 ^41: «J:£^4^1 4 ^1* ^°att ^^5] J147I- ^^44. 

4a1^ loflAi, n 4 4t-s|*(6)-i- AJ4A17J ^-f, "Jl^ In 003 Ga 097 N^-S € *!H S>£Afl4-i- 2 5 

# ^4Al7l JL, 44^ oi £ 3g GaN^ € ^]2 ^SHt 25 *AEf ^4a]^4. ^f, i# c] 44 | n S] 

Hxr InGaN** 25 4^Hf- Aj4Al ? m, n 4 oi£3§ G aN4* 254^H4 ^4^ ^4. 0)4 44 ^ 
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4* 413143 In AiA^j ^7>A]^ Aj^- A ] 7 i 2< *)!-, ^4 ^2 #41- 10*"^ 34^, a] #3 IS 

31 1 4°1 In 0.3 Ga o. 7 Nil 31* 4<4 4 4 ^7)1 500 411*3 n 4 4444 

44, €aH 14 f-^tfH, p4f 4444(8)* aj^-aI^I ^.f , M g* 5 xio 19 /cm 3 5^4 p ^ Al 005 Ga 09S N 
*1S 4 ^11 3 441 S>S.afl|Bf* 25 4 ^*1]1 33*1*131. 4*°11 ^l^S GaNll € 314 441 41 

3144 25 411*3 4 a^Js. ^^I^IjI, 4*°11 Mg* 44 1^41, Al3 2:^ Hi* 44 4 3] 4 AIGaN 
4* 25 411* 4*°11 £1^ GaN# 25 411* ^4*184. °14 44 313 441 413143 Al £^8* A-^ 
*1 4t11 *H ^^1?1jL, ^13#4 *)|4#4* 32.311 4**j 34^, 343 IS 31 3 4°1 Al 02 Ga 08 Nil 3 

l* «H, * 4 ^1 500 *li*3 P 4 4*4* 34484. 

a £1 4aH 13 q. 44 *^°i led14* £4 ^4°11 4aH 13 44 713 **4 *aJ* 4^ ^44 ^°1^4. 
4 -S^HcM, n4 4*4(6)* 434-b 3li 441- 4131443 3* €l S3* 4^4i &a|4, 312 444 
41314* 34 441-, 44 441:3 441 413H 4s, 47l 34 413 i^j* 4^4°ii 4°J4 ^113 Jt 
44 <a°i4.4. 14 P 4 4*4(8)* ^Mg^fe 3)3 441 4131443 34 €13 134 4^4i $W4, ^ 4 
€41 41314* 3€ 441, 44 4413 441 4131 1 *>ji, 47l 34 €13 ^Ji 4^Hl4-°J4 % 

El]°l J^V £°144. 
^Ajefl 9 

p4 4444(8)* 44441S 4a) 431, Mg* 5 xio is /cm 3 £3§4 p 4 Al 01 Ga 09 Nfli 4 p4 
14(108)* 200 411*3 ^7|]S Aj^-Al^l 4 ol5t)ofl ( ^Al^j 74 ^4 t§EflS 4 LED1a>* *H445Sl, 
-SI *H 24 71 **4 *3* # t LED 4iA>7l- <a<H44. 

4aH 10 

p4 4444(8)* 44441S 4a1 gjZ, Mg* 5 xio is /cm 3 1^4 p 4f- Al 01 Ga 09 N*1S 4 p4 #sfl 
14(108)4 200 411*3 4 ^1 aj^-ai^i 4 01 «qofl f auh 84 *€4 ^311 4 LED14* *)]445Si, 

^a]^] 23 7-121 *a^ ^ LED iA>7l- 

-UaH 8°fl4. n4 444* 44j4^ ^1 ^41 41^113 in^* ^a^i ^as 4^s, £4 p4 444 

* ^AjisHr ^13 ^41 41^113 Al ^Aj* ^1S ^4. ^1 ^^1- S>£^Hi-£l In* 4^jfH 44 
31 Til 4n, ^3 ^41 41^143 AiSAj* 4-Aj^oiiA-i to^ofl tcf-e)- ^Tfl 5^ ^ ^ oi^ofl ^oj tb L 

ED^7>* ^\}^JL, ^Aj^l 8 4 7-1 °1 ^tt.4^* 4^ LED 4iAl-7V .^^^4. 
aJaH] 12 

-31 *H 1°H A 1, n4 4444(6)* Aj#Al?l ^-f, in 02 Ga 08 Nil € a|11 ^41 41314* 25 4^1* 

a J4a171 jl, 4*°fl 41^ In 005 Ga 095 Nil 4 42 441 413144 25 4^14 ^4Am ^ 3°i 4Ali 
14 4°J ^^fll 4 led^a}* AI145S1, ^aH] 14 7121 4^4 4^ i41 £<H44. 

AJAHl 13 

A]Ala]| t^a-I, p & 4*^(8)* aJ^-a17J ^Jf. t M g l^ 1 Al oos Ga 095 Nil 4 311 44* 41314* 25 -§-! 
1* ^4a1?|1, 4*°fl £1^ In 01 Ga 09 Nil € ^2 €41 413144 25 -§-11* aj^-aI^I ^ sl^, aJaI 
i 14 4°J ^Efll 4 LED14* 314^1, 4 aH 14 713 444 4^* 4^ 1a>71- ^^4. 

-tiAH 14 

^4<m i^a-1, n ^ 4^4^ (6 ).a. Aj^-Al?J ^4, "iil^ In 00 3 Ga 097 Nil € 311 441 413144 200 41 
l* a J4a1?U, 44i <?il^ GaNll 4 312 441 41314* 25 411* 3°11, 4 4aH H 

SHa-i 413143 4 44* 200 *!!*!! 4^ ^ ^^^l, 4aH1 14 4°J ^^fli 4 LED1a>* 

314SS1, 4aH1 14 7-13 444 4 A J* 4^ ±41 £<>144. 

AjAlc^] q5 

4 aH i°flAi, p ^ 4444(8)* ^4a14 ^4, Mg Al 00 s Ga 095 Nil 4 311 441 413143 4 4^1 

* 200 411*11 4 3 °13°i 4 aH 14 4°J ^^fli 4 Ledia}* 314^1, 4aH 14 >I4 444 *^* 
44 1a>7>^oi^4. 
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ft*H 16 

ft ^J<H] ftft ft^Hl 163 ft ftft ftE*!] dtftft £ 3ft ftft pft ^(80)ft nft <3<3(70)ft£l ft°H «-^#( 5 6) 
ft 3ft 5)1 °1 7-1 ft°l-SLH°lft. 

ftft^H 16 o] sflol^ fto]^Hfe80/MD^l5l GaN7]ft(50)ft<ft 

(1) 3 w ^fftlS] Si Eft GaN°-5. «l^-«Hft n*8 GaNft(52), 

(2) 0.1 ym J?ft|£] In 0-1 Ga 0 . 9 Nft(53), 

(3) In x Ga N/n*§ GaN-2.5. °lft<Hft iMftftSS] n ft ftsflEft(54), 

(4) Si7> Eft ft 0.1 /on fft|£] n^ GaN ft7ME(beam gu ide)ft(55), 

(5) In o,4 Ga 0JB N/ln 0 02 Ga 0 . 9 8 N ftft °M ft l"ft2:£] ft^*(56), 

(6) Mg7> Eft ft 200 ft^Hf- =^£1 Al 0 . 2 Ga 0 . 8 Nft(57), 

(7) Mg7> Eft ft 0.1 jam ft^Sj GaN ft7]-olE(beam guide)ft(58), 

(8) Al y Ga !_ y N/p^ GaN o]ft°lft iMft pft #2flEft(59), 

(9) Mg7> E^Sft 0.05 m p^ GaN ft<^ft(60), 

nft fteflEft(54)ft, 25 ft^Hft ftft* ft II Si7> E^ft GaN ftft 25 #iSf ^}m. ^ oj[ £ 3§ | n x Ga t x 
Nft<ft z| 2 40ft acflS 3ftsM 3*0ft- nf Eft^ft ftftftft. ^1 ^1 , nft fte«Eft(54H XHft, ftE^S In x 
Ga -,. x Nftft *^#°fl 5-^ft°fl ftft ln^ ft°l ftTfi ftE^, xftft 0.01 Ml ft 0.33 ^ft^ £ft-5. igftA)^ n ^ 
ftel|Eft(54)S] 3^ft ft^Al^a ojcf. 

aft, ftftft(56)ft, ftft 20 ft^Hft ftft ft ftal Si7l- JE^ft 4ftln 0 is Ga 085 N ft*<t^l, 50 ft^Sft ft*ll* 
$2 Si7> Eft ft In 0 . 02 Ga 0 . 98 N ft <3 ft ft US. ft*l£M ^ft^ft. 

£ft, pft fteflEft(59)ft, 25 ft^Sft ft*l)ft ftn Mg7> Eft ft GaN ftft 25 ft^=ft ft-B. ftE^§ Al 

Ga , Nftft ft 120ft JlcflS. 3*3 «H ^^)7l- p ^ Eftftft q-^vflft. e^H, p & #sflEft(59H SHft, ftE 
ft Al Ga ,. y Nftft ftftfti ft^ ftft Al3 ft<>l 2l7fl E]Eft, yft* 0.01 ^Ift 0.23 ^^5. ftftS ft£H 
3 pft #2flH#(59)£] £ft* ft^Al^ln oj^. 

ft ft*H 16ft ftftft (1) i-fl*l (9)3 ftft-i; ^a^J oil^lo)] S]Sfl ^ 3m. ft°l 450/an5] ^ft(ridge) 

*}JL, pft ft^Sft(60)ft°1] Ni/AuS. °|ft<Hft.pft ft^-(61)ft ^ftftn, ft ft°fl ft^lftft n^ GaNfti Ti/ 

AI5.S. °]ft<H^ nft ft^-* ^ftftft. 

ftft^ll 16^1 ftoliS.°fl §1^21 ft ftftft TiO 2 /SiO 2 » 2ft ^ftftft ft ftft.3 ftA>^ftf- 50 

%s SJft. 

°lft ft°l ^llftft -Sftefl 16^1 ftE^l iSflol^i ft^iLS^l Si^Ai, ftff-71- ftft ftft^|Ai ftftft^lol ^<H^ft. 

°]ftft ft^l, ftftftft(^^X>^)# ft^ftift ft5]§H S A cH^£ ft ftAl^ 16 2). ^-o. oio]%T} ; 
ftA)o^l q7 

ftfti 17ft E 4ft ft<>l ^A] ^Efl 2i ftft fto]4. 

ft ftft <i ft, ftftfl<H(Cft)S. °lft<Hft 7]^(1)* MOVPES1 ftftftfti-Hl ^^ftH, fti* *s.7|) ftjl, ftftft 
Eft 1050°C7M ftftA]^, 7lft2] aslftft *S««ft. 
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OH**(102)) 

=L 4, £2* 510 °C4*l tflBl ji, 7flel<H -^i, *S 7>^34 42^44 TMG(Sel °1]*7>el-g-)* a>44 

<4 7l4(1)4°l] GalSl^S °14°l3l n\ S|4(102)4 ^ 150 *ilfi| 4 ^4*1 ^4. 

(£2^ GaN4(103)) 

^314(102) A 34 4, TMG44 ^43, £24 1050°C4*1 44^4. 1050°C°1)4 €S7l-iS<*1 TMG, *£vlo} 
7>i» 444<H 24 ?i2^ GaN4(103)4 1.5/an £] b^*1|£ -^4*M4. 

(n4 ^J=4(4)) 

=L 4. 1050TC«H|^, €S7}a S ^ TMG," 42.1-1 47>;4 *^»7>ia>i *] £(sllane)7>£l' 4-§-4<*l 4°J4 4^ o. 
S. Si* 4.5 x 10 is /cm 3£^tbGaNO.S. °14°]*l n4 €4^4(4)4 2.25 jcan^l ^S>8^ia4. 

(n4 X1 1 4*4^(105)) 

44^ A] 44^44 ^43, 1050"C°M TMG, ^JS-M^l-* 4~8-*H, £2^ GaN4* 75 4^H43 4 4^ 
^4*1713, 3 4 4°J 42°1H a] 47^4 ^7>^o^ si* 4.5 x 10 is /cm 3 GaN44 25 -§-^-§-£1 4 

4*11 S ^4*1^4. °14 4°1 44 75 4^H-f-£] <?l£.^ GaN±S. o]^o]^ A 44, Si GaN44 4^r 25 4 
i:Sfl-2.1 B4-9-S. ol^ol^l 44 ^4^4. 4* 254 3*4-2 2500 -g-riSfl- 4*13. *M iM4 4^3 

444-° a ^^^1 n4 Xli 4 44*(105)-|- -StfAian).. 
(n4 XI 2 4* 4*(106)) 

44, 4°J4 42°fl4 "flS.^ GaN^-S. o^o^ X|2 ^41" 42*H 4(106)* 40 4^3=4 ^i-aI 71.31, j 4 £ £ 
» 800'CS. 43 TMG, TMI, 42T-4M 4444 £2^ In 013 Ga 08 7 N23. «14°14 XH ^41" 42*114(10 
6)* 20 4^J=«- ^4*lS4. a el 2. 471 24* 4443, XI 2 + X)1£] 4^3. 3^3. io4*! 3*43, 34a 
GaN £.3. °]^^. XI 2 42314(106)4 40 *iSf -84*l?l i^4 ^£5] 4*4-9.3. "^o^ n* XI 2 

4*4*(i06)* 640 4^44 4 4^3. ^4^4. 

(«4*(7)) 

44, "flJE^ GaN.9.3. o^;*! 4^44 200 4^S43 4^11 ^4-*4U, a 4 424 800°C£. 4aL, TMG, 
TMI, 42-^4* 4*4^ <ti2^ In 04 Ga 06 N-^ 44*4 304^H#3 4^1^- ^4*1 534. 3^ 

3 4^ + 41- + 4^ + -f 1- + 4^si ^1 a 4^*4 54, 44*4 44 all 3*43, 4 4 4^1* 112 

0 4^S4S1 4^ 44 44^2S€ *^ 4(7)4 ^4^]S4. 

(P^ 444#«AH4(108)) 

44, ^£ 1050'C^Ai tmg, tma, 42.^4, c P 2MgH#33!4cH'ii 4ai-114)4 4-8-4°i, Mg» 1 X10 20 /c 
m 3 £^4 Al 02 Ga 08 N»S ol^'H^ Xl3 4£*)l4(108a)4 40 4^Sfl-Sl 4 4^I]S. 444^131, 

=L 4 800 °C5. 4 jL TMG, TMI, 0 J-2.^4, Cp2Mg* 444°^ Mg4 1 xio 20 /cm 3£^tHn 0 03 Ga 0 

9V N°S °14<H^ XU 4£.s-i)4(io8b)4 25 4^S43 4 ^4^]S4. 47l £4* 444' 
n, Xl3 + Xl4 a^a 54^ 3443, Xl3 4£*ll4(i08a)4 40 4^43 4 4M|a A j4 
a]7J 4^251 444°-a ^14^^ p4 4#4 #2flH4(i08)4 365 4^si-5i 4 4^3. ^4^1 S4. 

(p4 GaN ^^1^4(9)) 

3 4 1050°C°14i, TMG, 42M4, Cp2Mg4 444°i Mg4 1 xio 20 /cm 3 £3§4 p ^ GaN ^.3. °l-f-<>l^l p4 
^^^4(9)4 700 4^S42] 4 4*Hs ^4-^1^4. 

44 4S. 4, £24 €44^1 443, £4 «-^74H14 ^41 (wafer)* 44471 70or^Ai 4^ 
(annealing)* S S4 0 ^ p^44 ^l4 ^144 4^1 ^1 S24. 

i^4, 2)4*°11 p4 ^^S4-2] cfl4 44°fl 4 4^ 200 4^S#£l Ni4 Au* S44fe 44 A j p44(n) 
4, 47l P ^^(11)4°11 ^44 Au3°1^44 p 2fl2(pad)^i^(n)4 0.5/m 51 4 4*ll£. ^ A JS4. 
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4*4 °Wl 3*11 n4 ^H4(4)3 ^°1)£r W4 Al* 444£r rv^(12)* LED4:*}5. 5S4 



4?1 LED^44 £4434 20mA°M. 520nm2) £4*3444 44^j1, Vfe 3.5V^^, #efl 44 44 444 
S3 LEDi^Sl- Wla§>o^ V f4 1.0V 7>4°l ^jl, 4^£r 2«fl °14 443J4. 44-4 10mA«M #sfl5] LED^4 
4 7^ 444 4£ LED4 £°^4. 

44, 4^ LED^43 4 A 34, GaNSLS. °14°i4 *)h ^S^oH, 3:E^ GaN.5.3. °l^<H4 ^2 SiS^S G 

aN±S. o]^o]^ n & -§1 *H 124 4^4 44 44 0]+^%. *44, 4<S Mg £^ Al 01 G 

a 0 9 N4, Mg £^ GaN^S °]4<>14 p4 ^£44 344 3H4. 

€ 18 

-a*H 17°1H, *^4(7)4 °144 4 6 1 3 *H 4°J4 3313. 4 LED 4:4# *)14$4. 

(*^4(7)) 

44°1), 3^ GaN°.S °14°13 4344 250 -8-£H#3 4 ^MS. ^437131, O. 4 800 t£ 44 T 

MG, TMI, ^S-i-H* 444<*l 3-E^ In 03 Ga 07 Nil a}-¥-<>i3 4434 30 -fi.ES.oj nj. ^4^ 
4. neloi 43 + 44 + 43 + 44 + 4*3} <t*\s. 434* 74, 4*44 64 jz^sl 3 44s, 4 4 4 

*1# 1930 -S-a.es.sI 4- <y=^ *^*(7)-i: 343S4. 

333 LED 4i4fe, 44434 20mA°fl3 470nm3 4^444 44^2, -}i*H 174 434 3^3. 45:4 1 
47>S«H 44. 

33°}] 1M3#(7)* °144 4°l 334fe 3 SM 434 ^EflS 4 LED ^4^4. 

(# A J4(7)) 

44°i 3:E3 GaN.2.3. «>lf-«H« 4344 250 4i£43 4 t^S. 343t-U, H 4 4£4 800 °CS 4<4 T 
MG, tmi, 4E.H41- 4443 3£3 in 03 Ga 07 N.2.3. € 4434 30 4i£43 4 t^S. 343^4 

ji 4^ + jf^. + 4« + ^i- + 4^ 6) ^ s 4344 6*, 4444 54 atfli 344j1. 4 4 4*)1» 165 

o 4^=43 44 43 4#3£3.3 #34(7)4 34aM4. 

333 LED ±4r, £4434 20mA°11^ 470nm3 4^444 44^2, 33°fl q? 4 ^cj ft ^ Efl£ ^ 
47>^°1^4. 

4^1^120 

4Ali i7<H)Ai, #Aj4(7)^- o]44 401 «i^4^ 4 sH 4°J4 ^Efls. 4 led *l)4584. 
(*^4(7)) 

44°11, "as.^ GaN^s € 4^44 250 4isf-^ 4 = a o>4a]?U, a 4 4£» 800 'cs. 4<^, tmg, t 
mi, 4SM41- a>44°1 In a35 Ga 065 H±3. € 4444 30 4^S43 4 4^1)5. ^4a1^4. aeU 4 

^ + +* + 43 + 44 + 433 4Ais 4344 74, 4444 64 jatfls. 2j44i, 4 4 4*11* 1930 4 

Aijsf-si 44 °M 444^4 4^4(7)4 A j4Alg4. 

■a<^4 LED dbAl-^, 44434 20mA°1lAl 50 0nm2] ^4^ 444 44^3., ^a]c^1 174 4°J4 ^Efle. 4^^. 

447><g<^^4. 
4 aH 21 

4AH i7°1lAi, 4Ajf, (7) ^. oi44 401 4 s]oi] ^oj ft ^ s § led ^4* ^)14S4. 

(4 A J4(7)) 
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44°i GaN^-S. € 250 4 ^4|S A j^l?]lL, ZL * 800 "C3. 44 TMG, T 

Ml, 4-2.^4* Ab8-*H "flS^ In 035 Ga 065 N.2.5. € -f*** 30 -§-iH»2] tq- -$#4:84. 4 

^ + -f * + #3 + 4# + 4^3 £4S 4^#* 4#, 4### 3* jS-rflS. 3*42. %■ 4 ^* 1090 4 

4^ <£4 ^-§-^3.4 *^#(7)# A j#*lS4. 

-a^^l LED £44^ 4 20mA°11^ 500nmSl 444 44^2, -«*H 174 %-<Q.*V f HflS 4£4 

344 £<H#4. 

•a ah 22 

-SI AH i7°1]Ai, n 4 2**11 4444(6)4 a^a]?]*) SHr 3 °12H ^oj^. ^ g LEDi4» *H4S4. 

g«14 led &4fr, 4aH 174 «l:asH i^JHj 44*3 °l xi ^q-, f^sfl led £44 43. 
4 44#^# 42 SJ4. 

-il ah 23 

*jah i7oflX] f p ^ 4^<* ^5flH*(8)# *144 &>] 'S^Hr 5 #£ ^5. tt led £44 XI4SJ4. 

(p4 444 #2flS#(18)) 

45. 1050°C°1H TMG, TMA, 42-M4, Cp2MgH#S€4^°fl^ 4 2 ^14) 4 A}-g-*H ( Mg l- ■] X10 20 / cm 3 
5^8 4 Al 0 . 16 Ga 084 N±S. 4 p4 4°J4 #5flH44 300 -8- a. = sj- A J4^1S4. 

£^4 led £44 i^4^. 4*1 4s 4°J4-°5 *H A34a17H4 zl 0]$$ % ^4^1 

21*11, ^Hl 1^-4 2? ^^°l 4H4 71 °1 41i4 4^4 «44 ^°l^4. 314, 4°J4-°5 44, 4444°-3. 
^4 4 ulasM ^ils^^-ir 4°l4^ll 4 4 $14. 

4aH 24 

a)ah i7«HlAi, n 4 ^1 4444(105)4 °144 4°l €^44 3 °1SH 44 ^^5. 4 led £4* *)145K4. 
(n4 *)|1 4444(105)) 

GaN#^-S. 4 A** 100 *AEfS| b> Jf^s 3L, Si* 1 x 10 is /cm 3 £3§ft A | 01 Ga 09 N 

B#4 25 4±J=42] BV ^#Al?l £ A #4 B#2) 14* 204 3442 2500 -g-^Sfl- 4^1 £ 4^ 

n4 ^11 4#4*(105)* ^4A]S4. 

^<H4 led i4fe -a Aim 174 4si ^°J4 4^* 4n 4±4 447> ^^^4. 
^^•Hl 25 

-SJ aH i7°flAi, n4 ^^'^#(4)* °!44 4°l *^4fe- ^ °l2]°fl 4 led ^a>i- ^14®4. 

1050°C°1lAi ( ^^.71-^^^ TMG, 4S. 1 -147l-A:, i^-i^biSAl Al^^l- a>^H, Si* 4.5 x-jo is /cm 3 £ 
W GaN^-S. € n4 ^^H^(4)* 6 w% 4 ¥*115. Aj^-Al^4. 

^<>14 LED ^Hr aJahi -,74 Tisi 4AJ* 4j1 4s4 ^471- ^<H^4. 

AJAH1 26 

41 AH 26^r, 5. 54 AjAl^Hfl 3 ofl ^Jol4 

4 -a ah 26^, a^oH^o] ca°l sl£4 4^4 74)5. € 7l^(i)-i: sl-S-g-7H°fl ^i!^4Ji, 47H» 
***l ^144 4, 4^* *^-7fl 7 R>si ^£1- 1050'C4*1 aj-^ah, 7l^5] ae)^* ^m(i)^l^ 

a>4°H C4 SH°%, R^, A4* ^.2.5. 4^aV4o)c>1 ( a 5^^ ^^MgAI 2 0 4 ) 4 4* 7^ ol^ofl 



- 41 - 



*7fl4t*| 10-2004-0029165 



, SiC(6H, 4H, 3C* £4), Si, ZnO, GaAs, GaNf-S] S>£^ 7l4* a>44 4 °J4. 
(«1 3)4(202)) 

a 4, ££* 510 °C4*l iflBl 31, ?fle]=H 7>iaX| =44 7}i£X| 4£>|o}.4 TMG(£eH<fi7 r e]4)* a}44 
<4 7l4(1)4°1l GaN.2.5. € tf|3]#(202)# 4 200 4^S*S) 4 ^3. ^4^4. 

(*| 1 n4 *14* 4E3l#(203)) 

^3*1^(202) -^4 TMG^t-i- ^431, 45* 1050°C4*1 44*1^4. 1050'Ci^, €3.7 r ^3.<M T MG, 6 H v 5.i-H 
7>i* 444<*l 44 ©.a, sl£JS GaN^.5. Jfl n4 ^4* u J^l*(203)* 5im £] 44*113. ^4^4. 
*ll n4 4141- M J:£31*(203)4 «^*(202)Ji4:E 314, 900°C xfl*l 1100t:<HW Aj4*l7l^ ^o] 44314 
31, GaN °l£H:E, In x Al y Ga N(0<X, 0<Y, X+Y^1)iL3. 4^4 4= 5M4, 4^34^ GaN £4 X 

a«l 0.2°)4Sl Al x Ga ,. x N* 4-§-4^ £.4 ^ «4o) 34 4£.*H4°l °3o^)7l ^4. SE4 

JL4£ 4*l* 4°-^. ^4*l7l*? 3°l 442)44 44 Qi1 m O)S$3) ^nS. ^^-Al^l4, Aj-7] * o_ ^ ojc^ 

4°.3 a ^4 31* 4£*H-7>#;ji, 7H>-*£- 0.2 Q • cm fi.4 H*|4, Si, Ge43 *4** ^12 n 

^ ^4* 4£*l) S.4£ 4°-S *14** *] 4*1*1 4-°3. $4. 

(*1l2n4 ^4* 4£314(204)) 

44°)] 1050°C°IH TMG, °o 1 -S.^47>A 1 -i- 4444 tiJE^ GaN4* 20 4^5*3 4 4^3 ^4*17131, ZL 4 
*14 7}±^ ^7^H Si* 1 x io 19 /cm 3 £3g ^ G aN#* 20 4^S*Sl d| *j 4*1^31, nejn Si* ^ 

431 Gal\l4* 20 4^S*2] 4 tM)£ -34*1^4. o]4 40] 20 *ilf2l GaNAS. °14<>] 

4 A*4, Si GaN** 20 -g-^H-S-S-l B4°.3 014 0 !*! 44 ^4^4 rte|31 4* 3*431, $2: Ga 
N°.S € 1 im ^02 ^4* #£*ll 4(204)* ^4*1^4. 

(*ll3 n4 S4* a JrE*l*(205)) 

4*^ *14 7^4* ^^2, 1050°C°1H ^°J4 ^EflS <£^s§ GaNSLS, € ^13 ^4* 1 fl:£^)#(205)* 
100 -§-±Sf°l 4 ^4^-1^4. A o v 7l ^1)3 n^- ^4* 4^)#(205)£ GaN<>lSH In x Al Y Ga , x Y N(0 

<X, 0<Y, X+Y<1)^S ^4 4 SXJL, ZL 3z$£ **l 4^5]a) 4^)4, 44314^^ GaN &Sr, X4°l o".2°14 
2] Al x Ga N, y4°l 0.1 0 l4sl In y Ga n . y N^.5. 4^ ^-4 4.^ ^4°l ^^Sr ^4* 4£*l]*°l ^^^71 
^4. InGaN* *§%A]f]lL ZL Al* i44^ ^4* ^KE^l* ^4^7]^ ^*<H) > A ,^- ^44^. ^-g. 
^|#ofl 3 a? (crack) o] ^£|*r 4* 4^]4 "r SI4. 

(* A J*(7)) 

4*, •£•£* 800^3. 4H-, 7fl s| <H 7V^» 3.3)431, TMG, TMI(S5]^]l^ii|*), 42.^4* a}^s}o^ oj E 

^ In 0.4 Ga 0.6 N4* 30 *iH*2l 4 ^4^1^ 4°J44 ** ^it 4£r #^*(7)* ^4^1 ^4. £4 

a 4* lnGaN±S S 4*4* 4* 444 4* fil 4^i #4. 

(p4 «2flH4(108)) 

44, 1050°C°1]Ai TMG, TMA, 4-E-H4, Cp2Mg(Al#5.^4tq^^ 4^^!^)* 444°i Mg* 1 X10 20 / c 
m 3 J=3§4 p ^ Al 01 Ga 09 N^S 4 4* 20 *^=*2] 4 4^1^ -34*1*1 ^, TMG, Cp2Mg* 4 

44°=] Mg* 1 xio is /cm 3 £3§4 p ^ GaN.9.5. ^ 4* 20 |ilf5] 4 4^5. ^4*1^4. °14 4^4 314 
-1 *^* ** # 44^11 0.8^m s] ^^4s 014^^1 p4 4211H4* ^^154. 

( P 4 ^£#(208)) 

44, 800°C°14i, <a£^ |n Qi Ga og N o.^ ^ 4^14^- 30 ^aes f ^ 4 JMI* ^^1431 Mg* 

1 xio 20 / cm 3 £ ^4 GaN^.5. € ^2 ^4* 4£3l4* 30 *iSf *j4*l^4. 312] 31 3.^3, ^44n 4 
44^1* 600 4^s* s] P 4 ^^1^4(208)* ^4*1^4. 

1^4 4s 4, *£* **4^1 ifl2l3i, £4 4^*^7l4°11 ^l°l3l* 4447H^4i 7 oo°C°1H 4^^431, p^^l 
4**ci4^^*MS4. ' 
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4^^, *ll °l ^ ♦ 4447H4 UttSL, 3^%%-$ p4 €-4B*(208) £4°fl ±>$ ^-#4 sl-iaf ^^^>al, Rl 
EC&-8"$ <>]■& ^J^H p4 4°fl4 ofl^i^- s^H £ 54 44 42 n4 441: ShE*|*(204)4 £4* 

Sllr p4 *«?h^4 tfl^ 444 bv = 4 200 -g-iSf-Sl Ni4 Ail* i£444 p44(10) 
4, 47] p44(10)4<1 444 AuS € p ;fl:E(pad)44(10)-§: 0.5/an 2] 4 ^^4.. 

44. °HH 2H 42 n4 441 *3E*I*(204)4 £4°11^ Al* 4444 n44(12)4 3^8 JR4. 

3? ^°11 p44(10)2j £44 ix§>7l £H SiO 2 i« 444* 5. 52}- 4°l ^a]^ ^, 444-i- A.a4°l J±(scri 
be)°H 44°=1 4-2} *K2 350/an 43 LED^S S84. 

A o v 7l LEDrM-4 20mA & lM, £44 44 3.2V, 520nmSl 44^444 44M]jI, 20mA°H4 Vf4 0.2 ^4 0.3V' 
4* 4 4:2, #^ 4 10% ol^g- 4444 ^ °}44. SEft, 444 213)- LED^># i 0 07fl 444:2, 20mA°fl 

4 44 vf* 4^4 44. vfe 3.2 ^4 3.3V3 44 34 ^-i^^l- a. 534. 

ill AH 27 

-SI *H 26°114, p ^ ^^-Al^lfe- ^-f , 4£4 In 01 Ga 09 N44, Mg» 1 X10 20 / cm 3 £4)4 GaN 

42] 3#£4« 3 ci^ofl, ajah 264 444 ^Bfls. 4 LEdM* ^14584. 

444 28 

^44 2 6°TI4, p4 #4 Aj444*r ^-f, 42 444 45L314S1 a-y-i- In 005 Ga og5 N 44 3 

44°i 444 264 4°J4 ^315. ft L ED4a}» 443S4. 

444 29 

444 2 6<H14, p4 44 •y^-Al?!^ ^-f , ^2 444 4£.*l)44 Mg» 1 xio 20 /cm 3 £ 3§ft )n oQ5 Ga 

0.95 TM 4^r 4 ^^H, 444 '264 444 f EflS. ft LED^a}* 44SS4. 

-a ah 30 

-a aH 26°fl4, p 4 ^B. 44 Aj44?l4 44, 42 441 4£*ll4-§- Mg» 1 xio 20 /cm 3 s^ft Al 005 Ga 

0.95 n 4^3. 44 4 fisH. 444 264 444 n^s, % \.ed±a% 44S4. 

aJ a] oJ| 31 

AJaH] 26°1lAi ( p^- saiis Aj^-Al?!^. 41 ^s>l- ft£44* Mg* 1 xio 19 /cm 3 £^§tb 5 °lSH, 
aJa]^1 264 -§- o a«: MiS LEDiA># 44^4. 

-a ah 32 

aJaI^) 26°1H, p ^ 2«jE f-(208)-i- , In 01 Ga 09 NiS 4 ^)1 «r£^l4 cflAlofl M 

g# 1 xio 20 / C m 3 s.3gft |n qi Ga og ol^-^Al 41 ft£44* 4~§-*l-IZ., Mg* 1 xio 20 / cm 3 ^ 

tt GaN-^S. € *)l2 ^41: *£^4 cflAlofl Mg s. ^ X10 19 /cm 3 GaN-2.5. 4 ^2 Sfl* a>^- 

431, at> 41 «4# 4£^l4* ai-**<>l ^^tb ^ ^l^ 0 !] -a*H 264 ^°Jt!: ^^fls. % led^a>i- 44S4. 

AJAl^l 33 

aJaH 26i4, p ^ a-^E ^(208)* ^144 ^aj§>^ ^ 01^4 ^4 2 64 %qs. tt LED^a}* »1 

4SS4. 

^, 800 tH4 in 01 Ga 09 n«.s 4 ^li 4£^14# 30 *ae|. ^ajai^i 41, a * TMI* 4 a-| 

*1 #iA]?l j7, 2;Ajol ^.4^1=4 j n 01 Ga 09 N4 A 1 GaN44 444 ^44^ ^^4#"i: ^^42., TMI7> 0 

4 4 f-, Mg» 1 xio 20 /cm 3 GaNi.S 4 42 4H44* 30 aJ44^4. ae| ui, tmi 

* 44«l ^7>a!?1jl, 2AJ4 ^4« 0 v^4 GaN 4 A i in on Ga 09 n44 44«l 444^- SAj4A>^ ^aj-si-ji, 
TMI7> 0<>l 4 ^f, Mgl- 1 xio 20 / cm 3 s^ft Ga N-5.i. 4 ^2 441: 45E*H4§: 30 •g-^S.-f- ^44^4. a a] 
JL, TMI* 44*1 ^7M^, a^o] ^4 w c vt4 GaN°114 In 01 Ga 09 N44 44*1 444^ W§ 
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4 ft\ 4S.4 In 01 Ga 09 N.2.3. € 4l 4:4* 4E*!14* 30 ^S4. *Hl 44* 4:E*I14 4 ^2 4 

5}-* *£*D^-°1 44 10*<>1 4 444<4 p«f ^£#(208)* A J44S4. 

ol^j-s] ^ofl 27 iJM 33^ LEDi*K£. 264 4ft ^Efl, *2fl°114 «1^H 4JL4 44^4°1 ^°1^4. 

5£tb, InGaNAS. o^o^ p ^ s^h^ inGaISM wlH^ 44°1 fSft <8eM4 $ *^7> 3.7] n|34] f a 
p & ^^h^o] o_s «Mqs| jL, 4 a 34°114 1H84 ^3 44°1 444^.°-3. ft*l|7> sasftth. 2^4, 

ft #43 p ^ saje^o. g.^} §>7l Tflfi.6( f 4^ Wft&qsH InGaN^-S. °1*<H*L p^f ^S#4 H] 

a*H. 44°1 S v ft 143 *4#* *MI 4 =r 44. 444, ft SH4 p4 ^S#ft Si 3 444«T.°-.£.3 

ol** 444 4 5tU, ^3 Jf4*E 4444 4 s Si 4. 

£ 7ft, GaN 4 |nGaN.°-S. °1^4 ft 4^£j iM4 42:3 4^°Hl^i, 44i tfl4 Si4 ft 4*4 444 4°1 
4. n 444ft, GaN(20 ft^J=ft) 4 lnGaN(20 -§-^4)7} StflS. 30^71 3*3<4 Mg7> :&44 4 xio is / cm 
3 6) ?ll^o^ ^£f- £i=. p ^ ^014. £7ft, Hla47l ^sfl 4*3 In 015 Ga 085 N(4 ft^lfe 0.12/mi)^ 
°]ft<>14 #Hfls] 4ft 4** 4444. £74 4<4 ft 4^3 s34 ?-s3 4*44 f^3 4*444 44°1 40 
0 nmfte3 fl-ft* 0 ] 44*1 ^W*Ka, ft £43 3^4 43=3 4*4ft 444 400 nmft€-3 *H 

cfl^ ^-fro] #4^ 4* ^ oj4. E 7 °11 444 ft #43 3^4 ^3 4*44 f^3 4443 4 4s. 
€ p ft 1- 4 0.5 a • cm 44. £4, £. 7°fl 4 ft4*ft 444 C H 443 £3 ft 4** 100%^. 4 ^ft^l 44) & 
44. 

44*11 34 

44°ll 34^ £ 8°fl 444 44 5°fl 44 444. 

44°ll 34°fl4-b 4444(C4)S 4 44(1)* MOVPE3 4-8-§-4^ofl 4^ * = 7fl *H, 7143 ft 

£» 1050°C4^1 4^14 4^5] 5L^^* «SS4. 

(^sl*(102)) 

a 4-, ft£* 510 °C44 ^el2, TfleH 7}i^ 7>^4 42.^44 TMG(S3^l7l-el -§-)-§• 

°i 7l4(1)4°il GaNAS 4 Wl3l*(102)* 4 150 -g-iSfs] 4 ft^lls. A j4^l^4. 

(4£^ GaN#(103)) 

wlsl#(102) A J4 TMG4* ^JL, ftE* 1050°C4^1 4^l^4. 1050-0^4, 4S7>^5.4 TMG, 4S-H4 
7^1- A>^M 4ft 4^1 £S., 4E4 GaN*(103)* 1.5^m 3 4=^lS ^4t>1^4. 

(n4 ft^]H*(4)) 

ZL 3?-, 1050°C°flAi, 4S-7>^S4 TMG, 42.^44^, ■&4rl:7>^5.4 a] 4(silane)7l-^l- A>-g-5>o^ ^.ojtt 4^ °- 
3., Si* 4.5 x 10 is /cm 3 GaN-P-S. 4. n4 ft^^(4)-i: 2.25 w$\ 4ft^l5. 44-^1^4. 

(n^ *I]1 4*4#(305)) 

44°il 447}i4-i: ll^JL, 1050°C°114 TMG, ^ V J£.M41- 4ft4<H, 4S. 3 S GaN-°_S. <^lft^4 4*(305a)4 20 

00 4 ^s. 44^1?U, n ^ ft°J ft£°11^ a] ^7}il- 47>4°1 Si* 4.5 x 10 ^ /cm 3 Ga 

clf-^^l ^^(305b)-i- 300 -S-iSl-s] 4 ft^ls ^4^143., 44 2L * 447>^4# ^43., ft°J ft£ 
°114 45.4 GaN-°£ 0]^-^^ 4^(305c)-i- 50 4iI|S] 4 WS. 444^, 34-°-£ °lft^4 * 4 ft^l 235 
ofti^l-51 ^111 4*'4#(5)* A J44S4. 

(n4 42 444#(106)) 

44, ft£^14, 4£4 GaN£S 4 ^2 4^-1- 4E314* 40 ft^H* ^444 3L, =l ft£» 800°CS. 
431 TMG, TMI, 4S.M41- 4-§-4°i In 013 Ga 08 7 N^s. 4 41 44* 4£^l4* 20 ft^Hf - ^44 

^4. ael ji 47l ^4* 4442, ^2 + >|]i3 i£tfl S 10 #4 4*4ai, *|ftS. GaN ±3. 4 ^)2 44* 
4£^4* 40 *ist 4444 3:44 4»4^s 4 n4 ^2 4*4#(306)* 640 4^s43 4 ft^l 
s. 444^4. 
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(4^4(7)) 

4*, 9±5l*§ GaNSS. 4 4^4* 200 4i£*S| 4-tMIS. A j4^U, U 4 45.* 800 "CS. i}jL, TMG, TMl, 
° D l S^}t 444°1 In 04 Ga 06 N.2.3. 4 4*4* 30*^1=43 4^(3. <^4^l44. nelii 4*3 + 

44 + 4<3 + 4* + 4<33 443- 4<34* 54, -ft-** 4* JLcflS. 344IL * 4 4^4 112 0 ^ilf 

o] 4^ 44 ^ffiSS 4^4(7)* ^4*134. 

(p4 444 43]H4(108)) 

44, 4£ lOSO'C^n TMG, TMA, 42.^4, Cp2Mg4l45.3ffl4 c H 1 d 4:2 ^114)* 4444 Mg*- 1 xio 20 / c 
m 3 £jg *h p ^ Al 0 ,2 Ga 0 . 8 N- s ^ ^3 44* 4£.*ll4* 40 4 4^13 -^^It'IjI, a ^ ■£-£.* 

800°C3 *>J1 TMG, TMl, 42-^4, Cp2Mg* 444 o; l Mg* 1 xio 20 / cm 3 -sj- | n 0Q3 Ga og? N _o S jg 
*l]4 €4* 4E-314* 25 4i<=*°l 4 = ^2. ^4^1S4. 0^)3. 47l 24* 444:2, ^13 + *))4 ^£ J2.tfl 

5. 344:2, 3*3. ^13 €41- 45.314* 40 4^*°) 4 4*1] 3. ^4*14 iM442£] 444-° s € 
p4 4*4 4^4(8)* 365 ^iSl^ 4 4*ll.£. ^4*1 44. 

( P 4 GaN ^^4(9)) 

1050°C°11^, TMG, 45-M4, Cp2Mg* 444<4 Mg* 1 xio 20 / cm 3 £3§4 p^ GaN-^S. 4 p4 ^S. 

4(9)* 700 4^=43 4 4*113. ^44^4. 

4* 43. 4, 45L* 444*1 44 s, £4 42 4444°i 3 ^ (wafer)* 4-1-8-71 ifl°lH, 7 00°C<HH 4^( 
annealing)* *J4°^ pf 4* c-|* *|44 4*1 4t11 554. 

3H3* 4447HH »l44i, 34421 p 4 s^e^o) a^^) ^ ^avo^ 4^33. R| E( 
44^ °14 °fl^)4*H p4 ^344 °1)4 °1]^* *8*M £ 84 44 n4 sajs^ (4) ^ s^^. ^^^4 

°fl*J4, 3)4*°1) SJ4 p4 ^34£l 44<hi 4 200 -g-^Hf-ss] Ni4 Au* ±44^ 44 A 3 p44(n) 
4, 47l P 44(n)4<i 444 AuS, 4 p 3flH(pad)44(n)* o.5jwn si 4 4^3 ^^554. 

44, °HHl ^^fl iL#44 n 4 ^£4(4)3 S4°il4 w4 Ai* 4444 n44(i2)* LED243 J54 



47] LED244 ^4444 20mA<>ll7.i 520nm3 44^44* 44^31, Vf4 3.5V<^1H, ^4 44 44 414 

2S| LED244 w1jl4o^ V f4 1.0V 7>4°l 4s, 2^fl «^14 44^4. 444, lOmA^H 4^21 led^4 
4 7^1 444 4 A d* 44 LED71- 4^44. ^4, ^^4 leds] ^4^14* LED ^43 n4 « p*si 4 #4°fl 
^44^ 47-1*1 44* 7>*H 4^4 44 4^^ 1.5«| oiA 0 >oi s)^ o otJ:t > ^44. 

44, 4efl LED±42l 4^4, GaN^-S. 4 *lh tf|2)44°fl, 'tii^S GaNAS 4 *ll2 ^^14, SiS.^ GaN^-S. 4 n 
4 4®j = 4, *aH) 274 4°J4 44 44 4*42^ 4 4^4, 4°J Mg H^S AI 0 i Ga 09 N4, Mg ^ GaN 
^ °14^4 P 4 4^J=4* 47lcfl^^44 4°14. " " 

4*H 35 

47-H] 34°114, 4 A ^4(7)* <^144 4^44 4 4°J4 ^efls. 4 LED ^4* *H43K4. 
(4 A J4(7)) 

44°11, 45.^ GaN 4 4^4* 250 *^s*°l 4 4^1 S a J4t-1t'1 j1, h 4£* 800 °C5. 4°i, TMG, T 
Ml, °j-£.uio>i- 4*4<*| 4£3§ )n o3 Ga Q7 N o. s -g 44^* 30 4^S*si 4 4^115. ^4^144. aeliL 4 

^ + 44 + 4^ + 44 + 4^2] 44S 4^4* 74, 444* 64 jatfls. ^44^, 4 4 4^1* 1930 4 

^s*si 44 44 4*425.4 4-^4(7)* ^47>lS4. 

-a<H4 LED 244, 44444 20mA °114 470nmS] 4^^144* 44^2., *^H1 344 4°a4 ^^S. 4^4 € 
47>^<H44. 

*t>hi 36 
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-a *h «^#(7)# °i44 4°i 4 *h 4<a4 ^s. *> led £4* *H4S4. 

(«^*(7)) 

44°i "JiH^ GaN°-5. 4 43*4 250 4^S43 Hj- 4^3. ^4-*]?U, a * £3c» 800 "CS. 4<4 TMG, T 
Ml, 43-^4* 444°=! ln Q3 Ga Q? N 05. 4 4434 30 -8-iS#3 4 4*I]S ^4-*l^4. =L*\5L 4 

3 + 4 # + 43 + 44 + 433 4344 6*, 4 #44 54 at|S 3**1-51, * 4 4*I|» 1650 4 

44 44 4^ £S .£ *-^*(7)4 ^4^4. 

■S<H4 LED 4x44 444^4 20mA°1H 470nm3 4^444 44^2., 345]- 4°J4 ^Efl^. 4:H4 £ 

471- ^^^4. 
-M^H 37 

4 ah 34°114 4^4(7)4 °144 £°1 ^^Hf 5} *H 4°J4 ^Efl^. 4 LED ^4* *H4JR4. 
(4^4(7)) 

44<4 "BSfl GaN^-S. 4344 250 4^43 Hj- 4^3. ^4^13., H * 45.4 800 °C5. 4<4 TMG, T 
Ml, 4^4» 444°^ £5^8 In 035 Ga 065 N.2.5. 4 4444 30 4^J=»3 4 4*)jjiL ^4^1S4. .4 
3 + 44 + 43 + 44 + 433 4^JsL 4344 7#, 4444 6* I^S 2jft}2, * 4 4*fl» 1930 4 

^J=43 44 44 44^iS.4 4^4(7)4 ^4^4. 

£<HSl LED ^44, 444^4 20mA°M 500nm3 3!4^ 44*: 44^ 3L. ^H 344 4°J4 $3)3. 4^4 

144 <?H44. 

-a*H 38 

•a*H 34*H. 4 A J4(7)4 o)44 401 1^4^ ^ ijofl -^4 qqg. LED ^4534. 

(4 A J4(7)) 

44°i < ti£ J S GaN.2.3. € 4344 250 4^31-3 4 Jf*f|s. ^^]f]jL, a 4 4E4 800 "C5. 4<4 TMG, t 
mi, 42.^4* 444<H <ti£^ In 035 Ga 065 N.2.S. € 4444 30 4^s»3 4 4^13. ^9 4*1 334. Z&jL 4 

3 + 44 + 43 + 44 + 433 4*1 3 43*4 44, 44*4 34 acfls. 344-2., 4 4 4*H» 1090 4 

^Sfl-3 44 44 44^3.4 4^4(7)4 ^4*m4. 

<a<H3l led 4i44, 44434 20mA<HH 500nm3 ^4^ 444 44^31, -ti^H 344 4°J4 *ms. 4s4 
144 <?HS4. 

-a^i<m 39 

4ai^] 3 40 ]iA-i, n 4 2^i^ 4444(306)4 ^4^1?1^1 4^ 4 °lsH 4°J4 ^Efls 4 LEDi4» ^14^4. 
^<H^1 LED 4-^H 344 wla4 0 ^ ^44-^ ^ 44^3°1 s^- 4 14, ^^ifl44 ^^1^1 274 4 

-a^l<i 40 

^A}«m 340114 P 4 444 ^5))h4(8)4 °144 4*1 €^44 ^ ^l^^l ^Itet led ^44 ^114^4. 
( P 4 4°J4 #sflH4(8)) 

4S. 1050 o C°fl^ TMG, TMA, 4-E>l4, Cp2MgH45.^14 l::: l 4^- 1 - ; ll4)4 444°i Mg4 1 X10 20 / cm 3 
p*§ Al 0.16 Ga o.84 * P* ^^3" ^^^#(8)4 300 4^Sf-5] 4 4^1^ ^4^1S4. 

£<H4 led 4i4^ feflHtt *M 4°J4-2-S. 4°^ ^4^1?1^4, a oisis] 4 ^43 S4<^1 

sH, -a^-li 27^.4 ^4 44433 ^ ^4°1 4»i4, ^^^4°1 7^°] 4<H4 4^4 ^47]- ^<H44. £4,' 
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4<£*^S 4?i, cf*4#iL£ ^ nl a*H ^la*^* tt =r 5614. 

AjAHj 41 

-a *H 34*M. *Hl 4*^( 3 05)* °144 £°1 4 4 ^1* ^4cr 3 <>1SH S«HS «: LED 
aH*HS4. 

(n& Till 4#BV^( 305)) 

4-g- ^l^l-^^* ^^l*>jl, 1050°C°H^i, TMG, «&JE.qe>7>i* *B-SH <?IJE^ GaN°-S. °l-f-<H*l 4^(305a)^ 

* 3000 i±£f2l 4 f-^S ^^l^lJL, =L * -&^*\ a)&7}±& ^M^L Si* 4.5 x 10 is /cm 3 £^ 
tb GaN^-S. °lf-<H^l f^4#(305b)* 300 -g-^S-f-Sl Hj- ^^]?lj7 t^a] ^1 £7l-^°M; ^^}t}3L, 

°J "SS^S GaN.2-5. ^-*(305c)* 50 -g-^Sf-S-l BHM|3. 3^0.3. «>1^«H« * 4 

711 3350 -S-^Sf-S] *lh 4*4*(5)* ^^1^4. 

2<H*1 LED ±*}$r 344 7)S] Jf^tt ^* #al ^47}- g<H#4. 

*MH 42 

aJaH 41°flAi, n ^ ^|1 4*4*(305)* o]s>5l- « 3 °12H -SaH 414 * 0 Jtb ^EflS. tb LED ^4* ^14 

384. 

«K 4#(305a)£r, Al 01 Ga 09 IM* 3000 4ilfS| 4 ^^^JL, <f 4#(305b)£ Si* 4.5 x 1 

0 18 /cm ssflftAI 01 Ga 09 N-§r 300 ^S*5] ^ Jfzfls. ^^-a]?]^ Aj-^ (305c) o. ^ £3 g A| ^ Gg Qg N 

* 50 -§-^Ie.-§-2} 4 ^ 3*13514. olAj.4 ^o] £0^ |_ED&*}fc ^]«| 414 71°} ^*ft ^4 ^ of 

i«- 344 <?H^4. 

WlJuL^I 1 

-a 34 ofl Ai, n ^ *0i 4*4*(305)* t^SR? GaN-°3 4#(305a)* Sfe 2 °]$\ 

°fl ^"titb **|s. led^4» a))4?54. 

"S 0 ^ LED^4tt aja]«H|345}- Ulffift nfl, ^4^4°1 *144jI. Jftf 3 = ^ Vf ^ 333 saJc 3^ 

4^tt 444 *SS4. 

Hi Soil 2 

AJA]^] 34«fl>l. n% 4#4#(305)* Si £3g G aN°S f^4*(305b)* S^tM &i=. 3 0 j 

SHI *°J4 fl^S. 4 LED±4» *))4S84. 

<?H^ LED±4^ ^H34^ «Ut tffl, *^ H ^^Ml'a-ol 3711 ^442, Aj-71 o)S]5j s.Ajc ^ 
% v D J:*H *SS4. 

3 

aJaHI 34^1 Ai, n «f ^1 4*^(305)* oi £ 3| GaN^-S. ol-f-^^l Aj-^ ( 3 05c )^- 7^ 0]% 

°11 * b Jt!: *ms. tb LEDi4» »14S4. 

^oi^l LED^Rr ^}°\}34$ t>U* ifl, ^ ^7>*}H, -«J-7l o]^^ s^c f-g-Sl n>^%v ^4. 

^Al^l 43 

AJAH 43^ ^ AJA] ^Efl 6 ^ 3014. 

W^fC^S. € 71^(1)* M0VPE51 S>-g-8-7lifl«fl AJl^^iL, ^f- *s.7]| 7l*5| ^r£* 1050°C4^1 

a^aI^, 7l*SS| ael^^ *S«J4. 
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n ^, *JE* 510 r44 tflelul, ?fleH 7}^s4 43. 7^3.4 <g-£.v| o}$ TMG(SeHl*7 r e| A}-g-e> 
<4 7l^(i)^ofl GaNQ-S. 4 ^2|*(102)* 4 200 *:iS»2] 4 **ll3. ^#4&4. S4 47l *!*<Hl4 44a14 
X1 1 w^#( 2 )* 7142] f^-, A j44^*i ^ ojrh 

(42-^g GaN*(3)) 

H^*(2) 44 ^, TMG4* ^3L, *S* 1050°C4*1 4* A M4. lOSO'C^M, €37>±:3Ai TMG. 42447} 
i-f A>-g-§H 4* 43 424 GaN*(3)4 21 4**113. ^4^4. 

(n*l *«|J=*(4)) 

H ^, 1050r<HH, -€^.71-^^ TMG, 42^47}^, ***7hi3.4 a] £( s ilane)7]-:^* a}-§-<5H 4^2 
5., Si* 3 x 10 19 /cm 3 244 GaN22. 4 *^m*(4)* 3 *aii2l 4 J f4|S 444^4. 

(424 GaN*(5)) 

4^- a] ^Vi^* >3*3I, 1050°C<=>flAi ^BflS. «H 42^ GaN*(5)* 100 *il^6| av aj^- A ] 

(n3 4#4#(6)) 

4*, 42* 800°CS. 431, TMG, TMI, 42^4* A>*«H, <£^s§ | n 003 Ga 09V N«S € X)2 44* 42*1] 
4* 25 *^4 ^4^7131, 31 * *2* 4* A l?l31, JZ £| °1] 42^ GaN2S 4 *)ll <ar2*H4* 25 * 

^s* 44444. aeli 47l 24* 44431, 542 + £*\3- sms. 10*^ 3*4 ;M4 ^ ^ n * 
4*4* 500 *^s*2] 4 4 4a] ^4. 

(*"4*(7)) 

4-5", 424 GaN23. a 444* 200 «HMS 3L, 31 * *2* 800°C3. 431, TMG, TMI; 

° D V 2H4* 4*-*M 424 In 04 Ga 06 N23. € * »** 30-§-^S«-^ 4**13. ^4484. 3ie|31 43 + 
* * + 43 + * * + 443 443 434* 5*, **** 4* S3l3 3*431, * 4 1120 -g-^E* 

s| 4* 44 * tfas € 4^4(7)* 

(p*j 4*44(8)) 

4-5", TMG, TMA, #2.44, Cp2Mg(A]#S.«4^°fl^ 431 HI*)* 4*4<4 Mg* 5 xio « / cm 3 cag-g. 
Al 01 Ga 09 N2S * Xl3 44* 42314* 25 -§-^mf-2] ^ ^^^31, a ^ Cp2Mg, TMA* ^^14 

31 <?15.^ GaN^-S. € ^4 ^S)-# 4S.*I]4# 25 nV ^^4^4. ^7} 3:4* 444 31, 

^|3 + XI 4 E t]]s 4^1 ai^ft a^*l-3. 4 4#4*(8)* 200 *iSf2l 4 ^4a1^4. 

(p s J ^-^S#(9)) 

n. ^, 1050°C°1|Ai, TMG, 42-H4, Cp2Mg* a>-§-«M, Mg* 1 xio 20 /cm 3 p ^ GaN o S ^ p ^ sal 

= #(8)* 700 -g-^S*Bl tij- A 34*lS4. 

4* *S ^, AJ*44 4^31, £4 *^7l«Fofl, fl4^ (wafer)* 4**71 xfl<H|^, 700"CiA-l o>^^j( 

annealing)* «8*M p^** tH* ^IW 44 ^1 ^4. 

4^%^, fll^sl* 4**7HM X14431, 2|4*2] p ^ ^^ s ^ (9 ) D > ia * S^43i, rie( 

4* A d 4* ^H 1 )^!^ p^ €-4H*^°114 °fl^* H*M 2. 14 £* n^ €-^S*(4)2l a4* 2^*4^4. 

°11^, S)4*°fl 51* p^ ^^S*si cfl4 4 *^1 200 *^s-S-2l Ni4 Au* a44* p44(i0) 
4, 47l P 44(10)4°11 ^4* AuS. 4 p ^H(pad)44(H)* 0.5/an 2] ej- ^ A J«4. 

44, i^°ll 2lsfl 2*a1?j n ^ $ejE* (4) ^ a^ofl^ W 4 A |^. n 44(12)* ^^*H LED^a>^. 554 
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47l LEDi4£r £4444 20mA°fl^. 520nm3 £4^44* Vf* 4*1 3.5V°H. f=2fl 4f- 44 4 

*^-2.2] LED£44 *U4<*] V f* 7\*\ 0.5V £jL, #?34 2«ti °14 44a1, lOmA^H LEDi 

44 7^1 **4 4^34 LED7V 1H44. cfAl £o}# ^4^4°1 f^Sfls) 4i44 HlJZ.4^ 4 i. 2 U|| 

°14 4i4?ll 384. 

4*4 f 1 ^ LED^43 Gal\L°3. € *fh Bjslf'iH, 45.^ GaN°-3. € ^2 ^s]*, SiS.^ GaN^-S. 4 n 

3 S'flS*, -ii^H 14 *°J4 4* 44 -ftiaa € 4°i Mg 51^8 Al 01 Ga 09 N#, Mg JE*8 GaNA 
S°l*°l*lp* £4*83. 3 4. 

44^ 44 

44°}] 43<fl4, 4*44(6)* ^444^ ^-f , 4JE*ll44* 5 X10 18 /cm 3 jygfc Ga N°. 

S 4* 3 °]£H *°J4 IN 5. 4 LED^4* *H4«J4. £<H^ LED ±4^ *aH 434 7^ ^§.$ ^-gj. ^ 

*mj°i sasa4. 

44 Cl )l 43<H)4, n*§ 4*44(6)* ^44^1* 42 44* 4E314* Sj a X1Q is /cm 3 )n oQ3 G 

a 097 5.S 4H, *Hl 44* 4E314* Si* 5 X10 18 /cm 3 £^4 GaNJ2.5. 4* 3 °1SH 444 ^Efl3.'4 L 
EDdt4* *H4SJ4. £^4 LED £4* 20mA*IH Vfe 3.4V, *34 4«fl4 4 a* *8 1.5«fl °]4 444. 5E4 
4*H1 434 ^tiSMl <9=3l»4. 

-a^H 46 

-a^l°fl 43°1H, 444#(8)* ^^l^lfe- ^)4 *!4* 4E*fl4°fl 4 Mg* 5 xio 19 /cm 3 £^4 p4 
GaN4* 4 °1SH *°J4 3 3)5. 4 LEDrM* *fl44<H -Si^H 434 7^ §-*4 4 A 3* 4* LED 

£4*234. 
-a *H 47 

^11 43-HH, p^ 4444(8)* ^444^ ^-f, <?i5.^ Al 01 Ga og N°-3. Q 43 44* 4£*1I4* 
S*, 4E^ GaN.2.3. 4 ^4 44* 4E314* 25*iS#.2.S 44 244 J2.c]]3. 344^ * 4 100 * 

istii 4fc 3 °l^<Hl 4°J4 ^Bfls. 4 led £4* ^44°^, ^^^1 434 ^s] f-^tb 4^* 4^ led^4 
» ^5fl4. 

^^l^l 48 

^Ai^i 430^, GaN#(5)* c)|4*fl4 4f-4#* ^4j1, £4 0 14°11 444 4#* °144 ^^4 
^ -§-114 ^^fls 4^ LED *114S4. 

(n4 §-^S*(4)) 

a ^, 1050'C°1H ( €S7}ilAi TMG, 45-^44^, *^*4^S4 X] 4(silane)7>il- A>-§-4^ §-°a4 4^-^ 
3., Si* 6 x 10 18 /cm 3 £^4 GaN°-S 4 n4 ^^^(4)* 2.25 jwn2] 4^lS ^4a]^4. 

(4*4#) 

4-S- a)4 7>^4* ^^143., lOSOr^A], TMG, 4SLM44^* a>-§-4^, 4S^§ GaN^-S. °lf-<H4 4#(305a) 
* 2000 ^-^S*21 4 T^lS ^4Al?llL, a ^ §-<a ^r£°ll^ A]^ 7>^:* ^7]-4ji Si* 6 x 10 18 /cm 3 £3g 

4 GaN^-S cl4°14 ^4#(305b)* 300 -g-iS*Sl 4 ^3. -%%*}?]1L, ^} IL a]^ 7>ii4* ^*142, 

^r£°11^ 4^ GaN^.5. o]^^) 4#(305c)* 50 -g-^S*2l 4 ^S. -^4a]^, 3^^-S. 4 * 4^1 2 
350-§-^S*Sl 4^^^a^Va1^4. 

(n*J 4*4*(6)) 

4f, *°a4 -SrEi^, 9iE^ Gal\L°3. 4 ^11 44* 4E^I)4* 40 -g-^S* -^4Al?l 1, n * 800°CS. 
4J1 TMG, TMI, 4£q4* a>44 0 ^, ^£4 In 002 Ga 098 NAS. 4 *h 44* 4£^fl4* 20 *^es aj^aI 
334. ^.^2 47l 2:4* 1*44:1!, ^)1 + 42% stja io*«? ^#4j1, GaN°.s 4 ^1 ^4* 
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4E4I4* 40 -g-im* 343^ iM4 42:3 444°.^. € n% 4444(6)4 640 -g-^a^ bv ^ 
334. 

(p4 4444(8)) 

44, 4S. 1050°C33 TMG, TMA, 45.34, Cp2Mg(3 t^W^N 4^-«-fl#)* 4443, Mg* 5 x-|0 19 /c 
m 3 £3§tt Al 02 Ga 08 N°-S. £33 €44 4S4I44 40 -g-^Sf-S] 4 431^. A 3433:2, n :f 
800°CS 4al TMG, TMI, 4-2-34, Cp2Mgl" 4443 Mg4 5 X10 19 /cm 3 S^ft | n 0Q2 Ga 098 Nil £ 

34 €4 4 4£*ll44 25 4^£43 4 ^)s. 343 S4. 47] S4* 444s, 33 + 3U 43s h3 
s. 54-*! 344-n., *14s 33 €44 45.344 40 4i:J=43 4 343?i ±3442-3 444°-S 3 
p4 4444(8)4 365 4i£43 4 4*fl.£. 34334. 

333 LEDri^Kr €3°fl 434 33 4€4 45:4 44*3 ^ Vf-t 44^2., 4*1 LED^43 n4 ^ p43 4 

3=4| ^^f as. 33*1 3 4343, €33 43£] wis* 3*11 444 433 4:44 wIjz. 

43 1 -5«H 343 51 jl, ^33 43^.4 ^i^Kg- ^Jr^ ^7} £334. 

343 €3333, L ED^43 €44 4^3 44^4* 4443 €33414, 4 4^4 LEDi43 4334 3 
4 43 333 ^liE £443 44 44^43 344 4 Si 4. 

£4, 4 €34 €4^43 433rr 34 432, €44 4JE3* 4443 434^- 31433, 4-i343 44 
44, 44 ^3^3, BH^sMi ^s] ^4 43435L 344 4 Si 4. 



€^3 fi4 

34 €34 44 £4 4 433 4«-, €44 4£3^4, 4*1 €44 «4E*H €4^4^ 33433 433 led 
444 44 JE^r a 343 433 go^u, 44*33 44£ 7^44. 

£4, 4 433 44, 3334 434 44334 341 7>44aL, 43*33 44 €44 4£^1^4* 344 4 Si 
n, 3471-44 44*1143 ^3* 43 33 4 34. 

£4 4 €34 €4^43 4333 4n, 44^4, e))4434 €44 4£3* 344 34433 344 
=r 34. 



(57) 41-3 ^3 

n4 €44 4IE344 P 4 €44 4£*H43 433 4344 4^ €44 4E3 £43 333, 
43 4*J44, In a Ga !. a N(0<a<i)44 4^ 44 44 444^°lai, 

43 n4 ^44 45.^144, n*§ 4443 £^33 Si^ ^44 4£*fl^3-, 3 €44 4£^144 4°4 s A J4 4 
2. SE4 4443 £^33 513 44 3^ €44 4£3)44 S44^ 33£ 2443 €44 4JE*I143 3 
433 °1433n, 43 n4 S4 33 ^€ n4 44444 i% v 4fe- 3* 43 43? €44 4S.3 ^ 
4. 

2. 

3 143 S133, 

43 44*3 £^33 Si^r €44 4£^l44 43 n4 44*3 £^33 S13 #4 3£^S €44 4£^4 
4, 44 GaN43 34 44 €4* 4£sfl 4i4. 

^413- 3. 

3 143 S133, 

43 n4 ^-^^-44, 3£^S GaN4 33 1^33 51^ 34 4^ €44 45.^1 ^4. 
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4. 

A i4 ^4 *ll 34 * <Hiz ft 4°11 SW, 

#7l p* 441 St£.^#^r, -Hs. HR = ^ 4SuL, J£ *JE7> 45.714 3^ f-°J4 4)34 ^4 

441 4H*1)*°1 a}^£H 01 = ^^1^ p & 4^ #eflH*l £44fe 3* 43-2.3. *Kr 441 4£*H ^4. 

#7l p* #eflH^* 2^4 7> ^l 411, #71 *ll3441 4H*ll*£: Al n Ga ,. n N(0< n<1)^-5- o]^-<H^JL, # 
7l ^l4^S>* 4H*tl*£- Al p Ga Vp N(0< p^l, p< n) 3Efr In r Ga ,_ r N(0^r <1)^.S. o]^^^. o_ 
3. 4fe 441 ^4. 

6. 

* 5#°11 444, 

#71 ^S}1: 4£*11 ^Hl 4<>I4, #71 <?iH^ GaN*£ 4£ A 3444 Ga d Al ■, d N(0< d <1)°.3. o]Jf.o]& h) 
slfc^H ^^5]oL, 5E #71 p* 4*4 #sflS# $H p*§ 1£1S4 Mgf. £44^ p4 GaN ^Je.*°1 ^4 
54^15 4*r 441 451*11 £4. 

^Ttf 7. 

n* 441 #£*11*4 p* 441 tt£**3 #oH 4^*4 4^r 441 #£*11 A*M $H4, 
#71 4^*4, In a Ga T. a N(0^a<1)#l 4fe 4^ 44 -flr^^l JZ, 

#7l n4 441 4£*ll*4, n^ *£#4 4 s - 4€- 4£5 £434 4fe 4°J £41 4tt 34-E 2^43 44 

1- 4e*II*4 4*34 4444£r n & 4*4** £44b 31 ^ 4fe 441 4£*H ±4. 

^T 1 * 8. 

73-41 5£44, 

#71 n^ 1£14 4 a 4^ 4513- E^sH Sflfc- *4 ^4* 4fe 2^43 441 4£*11*4 44 GaN*4 4 

* ^ 4^ 44* 451*11 £7}. 

* 7#°11 444, 

#71 n* 4£.^ GaN*?H ^34 Si^r 4* 43-°3- 44 441: 45141 £4. 

10. 

4 74 vfl4 *n 94 % 01- 4 4°fl 444, 

#71 p* 441 451*l|*£-, 43 SEH^ °W47> 4=11 £ P ^ 4£-§- 4£7> 4S.7-14 £^ -§-44 *)134 ^144 
41- 4£^1*^1 3*sl <H °1^<H4^ p# 4#4 €eHH#l £44^ 41 4fe 441 4£*li ^4. ' 

^■^■■^v 11. 

A 104°H sa«H4, 

#7l p4 4*4 €2flH#^r S^7l- -7-^1- 4IL, #7] ^1)3441 4^11#^ Al n Ga N(0< n<1)^-5. o]^-o] 
4 jl, #7l ^14441 45.^1*^ Al p Ga ,.p N(0< p<1, p< n) £^ In r Ga ,. r N(0^r ^1)^.3. ol^^fe- 4 
1 4^ Sls. 4^ 441 4£^1 ^4. 

^T 1 ^- 12. 

^1 11%H1 4<H^, 

#7l 441 4£.^H ^7H1 4°14. #71 GaN#^r 7^Aj^. Am Ga d A) ^ N(0< d ^ojg. oi^^i ^ 

sl#^°ll ^4513., £ #71 P 4 4*4 izflH* ^ofl p ^ i-^#a4 Mgl S44^ P 4 GaN ^-ejS*^ 
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31 ^IS 44 441 4£3 £4. 

443 34! 4£3*1 44 n* 334, 443 34! 4E3*1 4±r p* 333 A ]-33 %3§-§- ^ ^ 

i ttJEfli £43 333, 

43 n* 333 33£ 443 44! 4£*l|*£, 3£ 3 8 '3 44! 4£414°.£. 3434 4*, n3 !4!3 £ 
333 3rr 44! 4£33££ 3434 *4*, 3 3£33 44! 4£34-°£ 3434 4*3 33£ 3*3 
*3^£ 3*33 3433 n & ^|i 1^*^*0] 3-, 

£ 43 n* 3 1 4*4*4 43*3 In! £44-ir *I|144! 4£ *H44 3 314^! 4£344 44 

£31 44 3244! 4£343 3*4 n* 324*4*! 4S, 

43 P * 333 33£ 443 44! 4£*l]*4, 44 p3 !4!3 £333 3433s. a 3£ <€£3 333 
7> 4* 334 3444! 4£343 3*33 34334 p* 4*3 !3£*33, 

43 43*4, In a Ga !. a l\l(0s:a<1)££ 3434 3f> 33 44 4^3 34 43££ 44 441: 4£3 £4 



^n 1 ^ 14. 

443 441- 4£3*1 4^r n* 334, 443 441: 4£3*1 44 P 4 333 3 6 H 43** 44 44 
! 4£3 d^H) 333, 

43 n* 333 335. 443 441 4£3*4, 3£33 441- 4£3£ 3434 3*, n3 4*1-3 £33 
3 34 341 4£3£ 3 -¥-3 4 44* 3 4£33 341 4£3£ 3434 4*3 33£ 3*3 £3^s. 3 
*3^ n* 3i4*4* 0 U, 

43 p* 333 33£ 443 44! 4£3*4, P 3 4*11 £44fe Ai b Ga N(o^b s;i)££ 3434 
P* 433 !3£*3s, 

43 43*4, in a Ga T. a N(o^a<i)l £443 34334 4* 34 4!4£4 34 43 AS 44 441 4 
£3 £4. 

^43^ 15. 

3433, 33*4 3343 ^34 n* 44! 4£3* 43* 3 p* 44! 4£3|*! 44 44! 4£3 
£43 333, 

43 n* 44! 4£3*4, 4 4^14 100 33 10000 *££43 3^33 334 wj^ls. 3434 4*, n3 
1413 £34 44! 4£3£ 3434 44* 3£33 441 4£3£ 3434 4*3 33£ 3*3 433 
a 3*33 3434 n* 3i4*3*l £444 31 43££ 44 44! 4£3 £4. 

16. 

3 134 33 3 154 * 3£ 4 43 333, 

43 n* 333 333, 43 n* ^H4»4*4 34 433, n3 441* £444 n* ^3£*1 44 31 4 
3££ 44 44! 4£3 £4. 

17. 

3 1643 333, , 

43 n* ^3£*4, 3£3 GaN* 33 3333 3^ 3* 43££ 44 44! 4£3 £4. 

^4"%M8. 

3 1743 333, 

43 44! 4£3 £43 333, 43 3£3 GaN*4 343434 Ga d Ai , d N(0< d <1)££ 3434 3 
3* .43 333 31 43 ££ 44 44! 4£3 £4. 
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^nr'-ft 19. 

*H 13ft 15ft ^ <Hi=. * ft°ll 5a°H. 

ft7l n ^ *lll4^ftf^r, ft ^17> 100 tfl^l 10000 -S-^Sfl-S] tiS^S ^ftf- °l^-<H^ 4 ^l7> 

50 i-fl*l 1000 *ilf2] S^sW *Ift# o}^.6\^ % a}- r^j. 25 ^ 100 

0 -g-iSfS) <?1^ >&JE*I|£. o]j*o^ ^6.s. ol^H^ 3* f^'lS. 

^T 1 * 20. 

*)) I9ft°1 5tW, 

ft7l n 4f *fll4§-ft*ftft# *HM|7>. 500 -S-iiSl- - 8000 -§-^Sf-<?l 3* *]£|-§- 1KE*H ^4 

^•ft 21. 

*ii 20ft °n sh-m. 

^3* *3 <LS. ftfe €ftf- ft£*H i4. 
22. 

*ll 14ft SL*r*ll 15ft<H) SH-H. 

Aj-7] n ^ *lll4*ft^4 4°H, In* iftftfe- ^li^ftl- <LKE*fl* 4, °1 ^li^ft-I- ttH*fl*^ 41- a A J 
* 3:^ ^l2^ftl- ^S^lf^l n# *i|24#ft#-§- 3* ^SLS. ^ SKE*!] 

^n^ft 23. 

*ll 22ft oil SW, 

ft 71 n ^ ^ft* ft£^*«i sa«H^, ft7l ^ll4^ft^fi-4 7l^oD n ^ n ^ ^HjEf^ ^ 

tr 3* ^ ft^r ^ft-t ft£*fl ±4. 

3J^ft 24. 

^ 13ft vfl*l /tj 15ft # ft ft°fl &<>H, 

ft7l p^- *)3-Hi te^lf^, A|5. °flM^7> 4=H ^ p*§ «r£# *E7> 4$ ^34 ^4^*1-1- SKE*I| 

%o\ *\%-5\o] =>1^^1 p^ 4#ft #2flH#, £fe ^3. ifflH^a °M*l7}- S£ pft ^£7} ^Jft 43 

4 ^4^ftl- ftJE*^] p^ 4*ft #2flH#-i: £ft*}*r 3<r ^K 1 £1 4tt i 

4. 

-^"^ft 25. 

*)1 13ft ifl^l ^ 15ft f 1 <Hii ft ft°fl 

ft7l p # ^S>-t SKESIlfl^, p*| Ir^lr-t- S^fe Al b Ga i_ b N(0<b <1)£.S. p^ ^"a^ #EflH#-ir 

Sftft^ 3* §fe ^ft# ftS-^Il ±4. 

26. 

^ 24ft i S1<H^, 

ft7l p ^ tJflHf S^r p^ 4 6 Jft #BflH# p^ *£-§-5.^ Mgl- S* 1 "^ p^- GaN €-^S#-ir 

ft ^AS. *}$r ^ft# «Jr£^l ^4. 

^^27. 

^1 25ft °i| Sl<H-H. 
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